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PREFACE. 


| HAT the reader may be duly pre- 
pared for the perufal of the follow- 


ing Treatife, it will be neceflary that 


he firft acquaint himfelf with the genuine 
Method and Rules of Philofophizing, as they 
have been delivered by Sir Isaac NEWTon. 


His Method of Philofophizing is thus laid 


down in his Opticks *. 


As in Mathematicks, fo in natural Philo- 
fophy, the inveftigation of difficult things 
by way of Analyfis, ought ever’to precede 
the method of compofition. This Axnalyfs 
confifts in making experiments and obfer- 
vations, and in drawing general conclufions 
from them by induction and admitting of 
no objections againft the conclufions, but 


** fuch as are taken from experiments or other 
certain truths. And although the arguing 


from experiments and obfervations by-in- 
duction, be no demonttration of. general 
conclufions ; yet it is the beft way of ar- 
guing which’ the nature of things admits 


of, and may be looked upon as “fo much 


As ** the 
_* Opt. p. 380. 


eas is. * 
: 4 
ae, : 


vi PIR Perc: E. 


. the ftronger, by how much the induction 

‘is more general, And Jf no exception oc- 
“ cur from Phenomena, the conclufion may 
** be pronounced generally. But if at any 
** time afterwards, any exceptions fhall occur 
‘© from jexperiments, it may then be pro- 
© nounced with fuch exceptions as fhall occur. 

““ By this way of naly/is, we may proceed 

“ from compounds to ingredients, and from 
. “* motions to the forces producing them ; and 
in general from effects ‘to ‘their caufes, 
and from particular caufes to more seneral 
ones, till the argument ends in the moft 
i general. This is the method of Analyfis: 
<* And the Synthefs confifts in afluming the 
““ caufes difcovered, and eftablithed as prin-- 
ciples, and by them explaining the Phe- 
nomena proceeding from them, and ee 
the Explanations.” 


His Rules of Philofophizing, dcliveces in 
his rigicsige a are thefe four, 


RULE 1, 


*¢ More caufes of natural things are not to be 
“° admitted, than are both true and fu paisa 
“© for. excplaining their Phenomena. 
** Thus Philofophers fay ; nature does no- 
thing in vain, and in vain that is done by 
more caufes, which can be done by fewer. 
For'nature is fimple, and delights not in 
ay eee caufes “i things, 
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ios Of natural effects therefore of the fame 
hind the fame caufes are to be afigned, as far 


as it can be done. 

«© As of refpiration in a-man and in a 

beaft; of the defcent of ftones in Europe 
and in America; of light in a culinary fire 


and in the fun; of the reflexion of light in 


the earth and in the planets. 
RULE i. 


“* The qualities of bodies which cannot be 
increafed and dimunifbed, and which agree 


to all bodies in which experiments can be 
made, are to be reckoned as qualities of all 
- bodies what foever. 


“« For the qualities of bodies are not known 


but by experiments ; and therefore; as ma- 


ny are to be reckoned general as generally 


agree with experiments, and-thofe which 


cannot be diminifhed cannet be taken 
away. Certainly dreams are not to be de- 
vifed at pleafure contrary to the tenor of 


‘ experiments ; nor muft we depart from the 
analogy of nature, fince fhe is wont to be 


fimple, and always confonant to herfelf, 
The extenfion of bodies is not known but 
by the fenfes, nor is it perceived in all bo-~ 
dies: but becaufe it agrees to all bodies 
which are peteciveable, it is affirmed of all 
whatfoever. 4 “We ‘experience ‘many bodies 
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PREFACE. ? 
to be hard. But the hardnefs of the whole 


arifes from the hardnefs of the parts, and 


thence with good reafon we conclude the 
undivided parts not only of thofe bodies 
which are perceived, but alfo of all others 
to be hard. We gather all bodies to be 
impenetrable, not by reafon, but by fenfe. 
We find the bodies we handle to be im- 
penetrable, and thence conclude impene- 


‘ trability to be a property of all bodies what- 


foever. That all bodies are moveable, and 
by certain forces (which I call wires zner- 
tie) perfevere in motion or reft, we gather 
‘from thefe fame properties in bodies which 
are feen, Extenfion, hardnefs, impenetrabi- 
lity, mobility, and ws znertie of the whole, 
arife from the extenfion, hardnefs, impene-— 


trability, mobility, and vzres znertie of the - 


parts; and thence we conclude that all the 
leaft parts of all bodies are extended, ‘and 


hard, and impenetrable, and moveable, 


and endued with vires inertiz. And this 
is the foundation of all Philofophy. Far-_ 
ther we know from the Phenomena, that 
the parts of bodies which are divided, — 


and. mutually contiguous toa. one another, 


may be feparated from one another, and it 
js certain from Mathematicks, that the 
undivided parts may by reafon be diftin- 
cuifhed into lefs parts. But whether thofe 
parts diftinét, and not yet divided, can 
by the powers of nature be divided and 
feparated from one another, is uncertain. 
But if it fhould appear, even by one fingle 

! . AO ex. 
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PREFACE. 
experiment, that by breaking a hard and 
folid body, any undivided particle fuffered 
a divifion; we might conclude by the 
force of this rule, that not only the di- 
vided parts were feparable, but that the 


undivided parts might be divided zz infi- 


nitunt. 


‘€ Laftly, If it be univerfally evident by ex- 
periments and aftronomical obfervations, 
that all bodies round the. earth gravitate 
towards the earth, and that in proportion 
to the quantity of matter in éach, and that 
the moon gravitates towards the earth in 


proportion to it’s quantity of matter, and in 
like manner our fea gravitates towards the 


moon, and that all the Planets mutually 


‘ gravitate towards one another, and that 
‘there is a fimilar gravity of Comets to-. 


wards the fun; we muft pronounce, by 
this rule, that all bodies gravitate mutual- 
ly towards one another. For the argu- 
ment from the Phenomena will be ftron- 
ger for an univerfal gravity, than for the 
impenetrability of bodies, concerning which 
in the heavenly bodies we have no experi- 
ment, no obfervation at all. | 


RULE Iv. 


“In experimental Philofophy profafiticns 


collected pom the Phenomena by induction, 
are to be deemed, notwithflanding contrary 
‘ rope 


PREFACE. 
«© Hypothefes, either accurately or very nearly 
‘© true, till other Phenomena occur, by whith 
<* they may be rendered either more accurate or 
“* liable to exceptions. 

‘“* This ought to be done, left ae f 
“ ments of indudion fhould be deftroyed 
S* by Hypothe/es. 


This Method and thefe Rules have been 
carefully obferved by our Author in thefe 
LecTURES, which, from the clearnefs 
and diffufivenefs of the ftile, and the eafy 
and juft manner of reafoning, are, in. my 
opinion, better fitted for the inftru@ion of 
youth, than any thing which I have feen on. 
this fubject. 

I have added a few Problems by way of 
APPENDIX. : | 


LECTURE 


LECTUREI. 
oe Or ATTRACTION | 


nature entertaining and delightful, and _ I. 
! -withal conducive in many inftances to the —~—~— 
eafe and convenience of life ; it is not to be won- 
dered that there have been men in all ages who 
have laid themfelves out in the improvement and 
cultivation of it. But it is a matter of no {mall 

_ furprife to think how inconfiderable a progrefs the 

knowledge of nature had made in former ages, 
when compared with the vaft improvements it 
has received from the numberlefs diicoveries of la- 
ter times ; infomuch that fome of the branches 
of natural philofophy, which at this day is almoft 

- complete in all it’s parts, were utterly unknown 

_ before the laft century. If we look into the rea- 
fon of this, we fhall find it to be chiefly owing 

to the wrong meafures that were taken by philo- 

_ fophers of former ages in their purfuits after natural 
knowledge: for they difregarding experiments, the 
only fure foundation whereon to build a rational 
philofophy, bufied themfelves in framing hypo- 
thefes, for the folution of natural appearances, 
which as they were creatures of the brain, with- 
out any foundation in nature, were generally fpeak- 
ing fo Jame and defective, as in many cafes not to 
anfwer thofe very phenomena for whofe fakes they — 
had been contrived. Whereas the philofophers of 
later times, laying afide thofe falfe lights, as being 

of no other ufe than to mifguide the underfianding 

in 


Foe “ S natural philofophy is a fcience in it’s own Le cr.- 


2 


Loner. 
i 
try 
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in it’s fearches into nature, betook themfelves to 
experiments and obfervations ; and from thence 


collected the general powers ‘and laws of nature; 


which with a proper application, and the affiftance 
of mathematical learning, inabled them to account 


for moft of the properties and operations of bodies 5, 


and to folve many difficulties in the natural ap- 

earances, which were utterly inexplicable. on the 
ia of hypothefis. By this means has natural 
philofophy, within the compafs of one century, been 
brought out of the greateft darknefs and obfcurity 


into the cleareft light ; and this has been chiefly ow- 


Exp. I. 


ing to the unparalleled abilities, and indefatigable 
induftry of that great and accurate philofopher Sir 
Isaac Newton ; who, to his great honour, has in 
his principles of natural philofophy, and his incom- 
parable treatife of light and colours, cleared more 
difficulties, and difclofed more and more important 
truths relating to nature, than are to be met with 
in the voluminous writings of all that went before 


him. To illuftrate fome of thefe truths by expe- 


riments is the defign of this courfe, which confifts 
of’four parts. Jn the firft are confidered folid bo- 
dies and their properties. In the fecond water and 
watery fluids. In the third the elaftic fluid of air. 
And in the Jaft the fubtile fluid of light. But be- 


fore I proceed to thefe particulars, it Putt] be necef- 


fary to fay fomething concerning certain principles, 


forces, or powers, wherewith all parts of matter, of 
what kind foever, fo far as experience reaches, feem - 


to be endued ; and whereby they act upon one ano- 


ther for producing a great part of the phenomena 


of nature. 
Such is firft that power whereby the minute par- 
ticles of matter do in fome circumftances tend to- 


wards one another, whicn is commonly called attrac- 


tion ; the caufe whereof is in a great meafure un- 
known, though the thing itfelf is manifeft from ex- 
periments. For if two polithed plates of brafs be 

Jaid 


Or ATTRACTION. 3. 


- faid one upon another, having their contiguous Lec r. 


fides {meared with oil, they will cohere in vacvo, [| 
~ and with fuch firmnefs that when they are fufpend- —_—— 
ed, the force of gravity in the lower plate will 
not fuffice to feparate and pull them afunder. 
That the cohefion of thefe plates is to be at- 
tributed to the mutual attractions of their conti- 
guous parts, cannot I think admit of a doubt, fince 
the preffure of the ourward air on their external 
furfaces, (to whofe force this effect might otherwife 
have been attributed) is in this cafe taken off. 
The ufe of the oil is to fill up the minute cavities 
in the furfaces, and by fo doing to prevent the 
lodgment of air between the plates; which upon 
the removal of the outward air would expand it- 
felf by reafon of it’s elafticity, and thereby force 
the plates afunder. . 
- The forementioned attraction is in like manner Exp. 2. 
collected from the following experiments. 
_ If two plane polifhed plates of glafs be laid toge- 
ther, fo that their fides be parallel, and at a very 
fmall diftance from one another, and their lower 
edges be dipped in water, the water will rife up 
between them; and the lefs the diftance of the 
elaffes is, the greater will the height be to which 
the water rifes. If the diftance be about the hun- 
dredth part of an inch, it will rife to the height of 
about an inch; and if the diftance be greater or lefs 
in any proportion, the height will be reciprocally 
proportional to the diftance very nearly. 
-’ The reafon why the water afcends between the 
plates is, that thofe parts of the furfaces of the 
glaffes which lie next above the furface of the wa- 
ter, and are contiguous thereto, attract the water, 
and by that means caufe it to afcend ; and this 
afcent continues till the weight of the elevated water 
becomes equal to the force of the attracting furfaces, 
and then the motion ceafes, the water tending as 
2 much 


4 


Or ATTRACTION. 


Lecr.much downward by the forceof it’s own gravity, 


I, 


as it doth upward by the attraction of the glafles.. 


ey—_—- The reafon why the water rifes to heights which 


Exp. 3. 


Big. 


are inverfly as the diftances of the glaffes, is this : 
the abfolute attractive force of the glaffes, whereby 
the water is raifed, continues unvaried whatever be 
the diftance of the glafies ; for the height and length 
of the glafs furfaces, whofe attractions influence the 
afcent i gi the water, are always the fame, and con- 
pence the attractive force muft be fo too ; and — 
for that reafon will conftantly fupport the ‘fame . 
weight of water ; but the quantity, and confequent- 

ly the weight of the elevated water, will always be 

the fame, if it’s height be reciprocally as it’s bafe, 

that is in this cafe, as the diftance of the plates; . 
for the length of the bafe being equal to the length _ 
of the plates, it continues unvaried ;. and. therefore 
the bafe will ever be as it’s. breadth, st is as the 
interval between the plates,  * 

If the glafs plates inftead of being fet ‘aeaihe to 
one another, be made to meet at one of their 
ends, and kept ata little diftance at the other ; 
and their lower edges be then dipped in water, . {pi- 
rit of wine, or any other convenient liquor ; thei in- 


ward fides of the plates being, firft moiftened with 


acclean cloth dipped in the liquor ; the liquor will - 


rife. between the plates ; and the upper furface of 
the elevated liquor will form a curve, the heights of 
whofe feveral points above the furface of the flag- 
nating liquor will be to one another reciprocally as 
thejr perpendicular diftances from the concourfe of 
the plates. For the illuftration of which, let AE, be 
the furface of the ftagnating liquor wherein the lower 
edges of the plates are immerfed, AH the concourfe 
of the plates, and F, G, I, K,. L, the curve formed 


_ by. the furface of the elevated liquor ; from. any 


points in the curve as G, I, K, L taken at pleafure, 
let fall the right. lines GB, 1G KD, LE, perpen- 
dicular to AE, and thofe lines will exprefs the 

2 heights 


— 


Ir ATTRACTION. € 
heights of the refpective points of the curve above Lec Tr. 
the furface of the ftagnant liquor; whilft AB, AC; I. | 
AD, AE denote the perpendicular diftances of the —~# 

~ fame points from the concourfe of the glaffes; now = 
thofe heights and diftances are to: one another ina 
reciprocal proportion : for if we 8 the lines 
~ GB, IC, KD, LE to be fo many pillars of liquor 
confifting of four fides, two of which are terminat- 
ed by the plates, and the other two by the conti- 
guous liquor; and if thofe fides which lie next the 
plates be of an equal but exceedingly {mall breadth 
in all the pillars, then will the attracting furfaces of 
the plates which. fupport thofe pillars be likewife 
equal, and confequently the: quantities fipported, 
that is the pillars muft be fo too. ‘But in order to 
_ have them equal, their heights mutt be reciprocally 
proportional to their bafes ; which bafes, inafmuch 
as they are {yppofed to be equally broad, muft be 
as. their lengths, that is, as the intervals between 
_ the glaffesin thofe parts where the pillars are taken; 
and therefore the heights of the pillars muft be re- 
_ ciprocally. as the intervals between the plates; but 
_ from the nature, of fimilar triangles the intervals 
‘between the glaffes at different diftances from the 
- eoncourfe are to one another direétly as thofe’ dif. 
tances ; whence it follows, that the heights of the 
» pillars are to one another reciprocally as. their re- 
fpective diftances from the concourfe of the plates ; 
that is, if GB be double of IC, then is AC double 
Obit AB ¢ ot spi : 
-’ . From what has been faid it is plain that. the 
curve formed by the upper furface of the elevated 
liquor muft be an hyperbola ; for from the nature 
__ ofthe hyperbola the external ordinates are recipro- 
_ cally as the abfciffze ; wherefore if- AB, AC, AD; 
AE, be taken for the abfciffe; then will BG, CI, 
DK, EL, be the refpective ordinates ; and confe- 
_ quently the curve which pafies through the points 
G, 1, K, Lisan hyperbola. iy 


As 
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ect. As water or any other proper fluid afcends be- 
1, tween polifhed plates of glafs by the force of their at- 
w—,—~ tractions 5 fo does it likewife in lender pipes of glafs 
Exp. 4. open at both ends for if fuch tubes be dipped at 
one end into water, {pirit of wine, or any other 
convenient fluid, the liquor will rife within the pipes: 
to,a confiderable height, and this experiment (as — 
alfo thofe before made) fucceeds in the very fame © 
manner in vacuo, asin the open air, for the liquor 
conftantly afcends to the fame height in both. 
That the afcent of liquor in thefe fmall tubes, 
as alfo between polifhed plates of glafs, is to be at- 
tributed to fome power in the glafs ftrongly acting 
on the liquor, and not to the preffure either of the 
ftagnating liquor or incumbent atmofphere, ‘is evi- 
dent from this confideration ; that as much of the 
liquor remains fufpended in the pipes, and between 
the plates, when they are lifted out of the ftagnat- 
ing fluid, either in vacuo or the open air, as was 
elevated above the furface of the fluid, while they 
were immerfed therein: and therefore whatever caufe 
concurred to the elevating of the liquor while the - 
plates and pipes were therein immerfed, and expofed — 
to theair; the fame contributes as powerfully to keep 
it up, when the ftagnating liquor is removed, and 
_ the preffure of the atmofphere taken off, and con- 
fequently muft be fome power inherent in the glafs. ~ 
‘The heights to which the liquor rifes in lender 
pipes, areto oneanother reciprocally asthe diameters. 
For the power which raifes the liquor in a flender 
pipe, being the attractive force of that part only 
of the internal concave furface which lies next a-- — 
bove the liquor, and conftitutes a ring of an inde- | 
finitely fmall height, which height isever the fame _ 
whatever be the diameter of the ring, *becaufe the 
diftance to which the attractive force of glafs 
reaches is unvaried ; and the attractive force of fuch 
an annual furface being as the number of attracting 
parts whereof it is compofed, that is, as the i 
which 


Or ATTRACTION: : 
‘which becaufe it’s height is given is as the periphe- I. c Tr; 
ry, that is, as the diameter, the attractive force of =I. 
the pipe muft be as the Diameter. Wherefore ifin 
comparing the forces of two fuch pipes we make 
_ F to denote the attractive force of the larger, and f 
the attractive force of the fmaller, and alfo D and 
d to denote their diameters; we fhall have this ana- 
logy, viz. F:f::D:d, that is, the force of the 
larger pipe is to that of the fmaller as the diame- 
ter of the larger to the diameter of the fmaller : 
but thefe forces are likewife to one another in the 
-fame ratio with the quantities of liquor which they 
keep fufpended, for they continue to elevate the li- - 
quor till fach time as the weights, and confequently 
the quantities of liquor drawn up, become a balance 
to the attracting forces. Wherefore if H be put 
for the height of the liquor in the pipe, whofe dia- 
meter is D, and h for it’s height in the pipe whofe 
diameter is d ; then will H multiplied into the fquare 
_ of D beas the quantity of liquor in the larger pipe 5 
and h multiplied into the fquare of d as the quanti- 


ty of liquor in the fmaller pipe ; whence we have 


this fecond analogy F:f::HxD*:hxd’; and 
by fubftituting D and din the room of F and f, to. 
_ which they are proportional, as appears from the 
firft analogy, we fhall have D:d:: HD*: hd’; 
and then multiplying extremes and means, and 
throwing off fimilar quantities, we fhall have 
HD=hd, and by refolving this equation into an 
analogy, we fhall have H:h ::d:D, that is, the 
height to which the liquor rifes in the larger pipe is 
to the height to which it rifes in the fmaller, as the 
diameter of the fmaller pipe to that of the larger s 
fo that the heights of the liquor are reciprocally 
proportional to the diameters of the pipes. 

By virtue of this attractive force, wherewith fmall 
pipes are indued, plants receive nourifhment from 
the earth; the flender tubes, whereof their roots are 

-scompofed, fucking in yarious Juices according to 

Bi | ipsa a their 
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their different natures and conftitutions. From the | 
fame attractive, force it is that fponges take in wa- 
ter: and that water afcends in loaf fugar, when any 
part of it isdipped therein ; thofe parts of the fugar 
which lie next above the water attracting, and there- 
by raifing the fame. And here it muft be obferved 
that the water rifes by the action of thofe particles 
alone which are contiguous to, and lie next above 
the furface of the elevated water; thofe particles 


which are at any the leaft fenfible diftance above 


the water, being too far. removed to influence the 
water by their attractions : and what has been thus 
obferved of fugar, is likewife true of polifhed plates, 
flender pipes, and every other attracting body, by 
vertue of whofe attractions fluids are raifed. For 


if thofe parts of attracting furfaces which are at 


any fenfible diftance above the furface of the fluid, 
do in any meafure contribute to the afcent; it 1s 
evident that the fluid, ceteris paribus, mutt rife to 


a greater height when the attracting furfaces are 


Exp. \s. 


Exp. 6. 


continued to.4 confiderable height above the ele- 
vated fluid, than when they terminate at a very 
little diftance above the fame. But the contra- 


Ty appears from experiment. For if two polifhed 


plates of glafs fet parallel to one another, at the 
diftance of about the hundredth part of an’ inch, be 
immerfed in water fo far that only an inch and one 
tenth be fuffered to remain above the water, the 
water will rife up between them to the height of 
about an inch; and if the furface of thef{tagnating 
water be then deprefied by drawing off fomeiof the 
water, the elevated water will likewife defcend be- . 
tween the plates, fo as ftill to preferve the height 
of about an inch and nomore. | 
If a polithed plate of glafs be laid parallel to th 
horizon, and another plate of the fame kind:be laid 
thereon, fo as that they may touch at one of their 
ends, and. be kept at a very {mall diftance at the 
other 5 being firft moiftened on their inward ne 
Ewa? th wit 


Or ATTRACTION oD 
with aclean.cloth or feather dipped inoil of oranges; La ct; 
and if.adrop,of the,oil-beplaced betweenmtheplates I. 
at that.end.where ,they, are.at, fome, diftance from =v 
each, other,,-fo .as;that ,it,may be touched; by both 
the plates, it will begin|to move.towards the con- 
courfe of the glafles; ,.and.wall continue to.go,on 
with an.a¢celerated motion, tillit arnives at the con- 
courfe. And,if,during,the motion of,the drep,that 
end,of, the glaffes where, they meet,»,and, towards 
which, the drop. moves,, be,difted upsotheidrop will 
sneverthelefsicontinug it’s motion,andeficonfequénee 
mutt, be,attracted,s)but.as the end, of theigdfles as 9% 
gaifed higher,and higher;,the (ropwillafdend more — 
and more flowly,.tihl afolaft, upoma certain elevia- 
tion-of {theypletes, the motian.ceafes; the gravityiet 
the drop, wherewithit ends downward,» becoming 
equal to,the attractive}forde which draws itaipward, 

‘as appears from, this, shat .tipdn gly ing» the plates 
theleaft degree ofelevatian beyond whatis.neceflary 
to-ftop, the drop,, it ttraightway, begins ito defeend, 
it’s gravity.in that cafe overcoming, theattraction. 
By the help of this phenomenonmay, the forge 
be determined, wherewith: the drop»is.ateracted at 
all diftances from the, concourle ofthe glaffes. \For 
that. part. of a body’s. gravity, whereby»itasi carried 
down. an yinelined plane, |.isoto it’s abfolute weight, 
as the fine of the angle of the plane’s.¢levation,»to 
the: radius,;0r,as the ~penpendicular -height,of the 
plane to the dength, thereof; and therefore: may rbe 
denoted by) the perpendicular:height applied tothe 
Jength ;,and where the} length: of: the plane is gi- 
- yven,»that;force will be.every, whete)as oth¢ifines of 
the angles of,elevation, or|the perpendicular altitudes 
of the planesas thall:be made. appeartwhen Lcome 


 gfo-treat ofthe defcent. ef bodies on inclined planes. 


\f therefore thefines of fuch elevations of the;plates 
ss are meceflary,to ftop the:motionsof :the drop; be 
taken at. two different: diftanees: of ‘the! drop from 
-the; eonceurfe .of :the plats thofe! firtes. will: de- 

5 2 note 
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Le cr. note the refpective gravities of the drop, and confe- 


I. 


quently the attractive forces, wherewith the plates 


tony act upon the drop at each of thofe diftances. “Thus 


Fig. 2. 


Exp. 6. 


for inftance, if the diftances of the drop from the 


-concourfe of the glafles be as one and two; and 
the fine of the elevation neceffary to ‘ftop the mo- 
tion of the drop when at the fmaller diftance be as 
‘four, and when at the greater diftance as one; the 
gravity of the drop, wherewith it endeavours to de- 
{cend at the forementioned diftances of one and two, 
will be as four and one. For the illuftration of 
which, let A B and A C reprefent the plates at dif- 
‘ferent elevations; F and'G the places where the 


drop ftands upon thofe elevations; then will B D 


-and CE denote the forces of gravity wherewith 


the drop endeavours to defcend along the plates in 
the points F and G, which forces are equal to the 


‘attractions of the glaffes in thofe points; andiif BF. 


and CG the diftances of the drop from the con- 
courfe of the plates be as one and two, and BD 
and CE as four and one; then is the attractive 


‘power wherewith the glaffes act upon the drop at 
'F, to the force wherewith they act upon it at G, as 


four to. one, that is, reciprocally as the fquares of 
the diftances of the drop from the concourfe of the 


-glaffes; and this is nearly the cafe, as will appear 
‘from the experiment. SET Bh 


Though the drop be attracted by forces that are 


‘in the reciprocal duplicate ratio of the diftances of 
‘the drop.from the-concourfe of the glaffes; yet are 
-the attractions within the fame quantities of attract- 


ing furface in the reciprocal fimple ratio only of — 


thofe diftances : for as the drop moves towards the 
-concourfe of the glaffes, it muft fpread and touch 
-each glafs ina larger furface ; and this fpreading is 
always proportional to the leflening of the interval 
‘between the glaffes ; and of confequence from the 
nature of fimilar triangles, it is likewife proportion- 
-al to the diminution of the diftance fromthe con- 


courfe. 
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courfe. So that the force which aéts upon the drop Lz c rf. 
is increafed as the drop approaches the concourfe in L 
the fimple reciprocal ratio of the diftance, on account “=~ 
of the inlargement of the attracting furface in that 
proportion; and therefore in a given quantity of 
attracting furface the force muft be in the reciprocal 
fimple ratio of the diftance from the concourfe ; 
that is to fay, any given portion of the glafs fur- 
faces, taken at the diftance of one inch from their 
concourfe, muft act with twice the force that it does 
at the diftance of two inches, and with thrice the 
force that it does at the diftance of three inches, and 
foon. Hence it will be found that the attractive 
force of one and the fame flender pipe of a coni- 
cal figureis given; or in other words, that. the at- 
tractive force wherewith a conical pipe is indued 
at any one diftance from the vertex of the cone, is 
equal to the attractive force of the fame, at any 
other diftance from the vertex; fo that the attrac- 
tive force of a conical pipe is in every part equal 
throughout the whole length of the pipe ; and may 
be exprefied by the diameter of a circular fection 
of the pipe, taken at any diftance from the vertex, 
applied to that diftance. For the attraction in any 
part of fuch a pipe, is as the quantity of attract- 
ing furface in that part multiplied into the abfolute 
force; but the quantity of attracting furface in any 
part is as the diameter of that part, and the abfo- 
lute force is reciprocally as the diftance from the 
vertex; wherefore if A be put to denote the diftance 
of any part from the vertex, and D the diameter, 


will exprefs the attraction of that part ; but 


_ from the nature of fimilar triangles, the diameters 
of the circular feétions of a cone, taken at different 
diftances from the vertex, are to one another as the 
diftances, confequently AR sa ftanding quantity. 


B3 ~~ Wherefore 


bi) 
bron, 
I. 


Of ATTRACTION) 
Wherefore finee the attractive force inevery part of 
ai conical tubé:is denoted by a quantity which is in+ 
variable, it follows that the force is fo too fo that 
in this refpe&t-conical pipes do nordiffer from thofe 
of a cylindrical form ;: but herein liesithe difference; 
that in very flender pipes where the diameters are 
equal, the attractions of fuch as-are conical do) far 
furpals the attractions of thofé’ which‘are cylindri- 
eal. And indeed fo'exceéding great does:this at- 
tractive force become with refpect to the quantity of 
attracting furface in that part of aconical pipe, where 
the diameter is but one part of an inch divided into. 
ten millions Gf fuch minutenefs may be fuppofed) 
that if the attraction of a cylindrical tube, whofe 
diameter is an inch, were as'great’ with refpect to 
it’s quantity Of /attracting furface;: it would be able 
to jupport a colunin 6f water an inch in diameter 
and upwards ‘of three miles in height, For let us 
fuppoie a conical tube, whofe bafe is an inch in dia- 
meter, tobe cotitinued tillthe diameter is‘fo far dimi- 
nifhed as to equal only one part of an inch’ divided 
into ten'millions's it is evident from what was jut. 
now faid, that the whole attractive force of fuch a 
pipe, where it’s diameter is-an inch, is‘equal to the 
whole’ attractive force of ‘the'fame, where the dia- 
meter is but the ten millionéth part of an inchs con- 
fequently*if a portion of ‘thé larger attracting fur- 
face be taken equal tothe fmaller attracting furface, _ 
the force of that will be'to the force’of this, as the 
force of the fmaller furface divided by the number 
of parts’ in the larger furface, to the force of the 
{maller furface, that i is, as one divided by ten mil- 
lions to one. If therefore a conical, , or indeed a 
cylindrical tube an inch in diameter (for where the 
diameter is fo.large there is fcarcely any difference) 
was indued with an attractive force as great in pro- 
portion to it’s quantity of attracting furface, as isa 
conical tube of the ten millioneth part of an inch in 
ciamnetehy it s force i be ten millions of times 
| | greater 
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ereater than it is, and of confequence would raife Lec tT. 
the water’ten millions of times higher thanit doth — -I. 
at prefent: but it has been found by experience, that —~w—™ 
in a cylindrical tube of an inch indiameter, the water 
will rife to the height of about the fiftieth part of 
an inch, and therefore if the force by which it rifes 
was augmented in the forementioned proportion, it 
mutt rife to the height of two hundred thoufand 
inches, which being divided by fixty three thoufand 
three hundred and fixty, the number of inches in a 
mile, gives three and a little more in the quotient. 

The quantities of liquor fupported by the attracti- 
ons of flender conical pipes are toone another, as the 
diameters of the little circular furfaces of theelevated 
liquor, applied to the refpective diftances of the 
fame circular furfaces from the vertices of the feveral 
cones whereof the pipes are portions. For it has been 
proved that the attractive forces of conical pipes are 
as thofe quantities ; and therefore the weights which 
they fupport muft be fo too. Hence it follows that 
the lefs the proportion is, which the diftance of the 
elevated liquor’s furface from the vertex of the cone 
bears to the diameter of the fame furface, or which 
amounts to the fame thing, the fafter the fides 
of the pipe converge, the ftronger is it’s attractive 
force, and the greater the quantity of liquor which 
is fupported. | 

The firm union and ftrong cohefion of the par- 
ticles of folid bodies feems to arife from this force, 
wherewith they mutually attract each other; which | 
as it appears to be exceeding ftrong in the imme- 
diate contact of the particles, fo it is found by ex- 
perience to reach but a very little way beyond the 
fame with any fenfible effect. At very {mall dif- 
tances indeed it is fufficient to raife up liquors, as 
alfo to produce the many odd and furprizing ap- 
pearances which are to be met with in chymical ope- — 
rations, and which without the affiftance of this and 
fome other principles, which I fhall hereafter have 
yulias B4 occafion 
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zc T. occafion to mention, are utterly inexplicable. For 
I. want of a due knowledge of thefe powers chemifts 
‘teeny have fallen into grofs miftakes and abfurdities in 
| their reafonings. Thus for inftance, fome who were 
unacquainted with the principle of attraétion, have 
attempted to give a reafon for the floating of the 
minute particles of folid bodies in menftruums fpeci- 
fically lighter than themfelves; by faying that there 

is an inteftine motion in the parts of the menftruums, 

by vertue whereof the particles of the folid bodies 
are driven perpetually from place to place, and by 
that means are kept from falling: not confidering 
that Sir Isaac Newron has demonftrated, in the 
nineteenth propofition of the fecond book of his 
principles, that fluids have not naturally any inteftine . 
motion; but that, fetting afideall external caufes of | 
motion, the particles of fluidsare as perfeétly at reft 

as thofe of folid bodies. ‘There is indeed during the 

. time of the folution a confiderable motion, but as 
this is occafioned by the mutual attraction between 
the menftruum and the body, by means of which. 
attraction the parts of the fluid are driven with great — 
force between the parts of the folid, fo as to loofen 
and divide them one from another; as foon as the 
folution is over the motion ceafes, and all the parts 

are at reft again, and the particles of the diffolved 
body are kept fufpended by their clofe adhefion to 
the parts of the menftruum, and not by any imagi- - 
nary motion, wherewith they are toffed to and fro 
in the manner of a fhuttle-cock ; and in truth, could 
fuch an inteftine motion be allowed, .as it muft be 
made in all manner of directions, it would be as 
apt, nay more apt, confidering the confpiring gra- 
vity of the particles, to precipitate and caft them 
. down, than to raife and keep them up. 

_.. Were it not befide my prefent purpofe, I could 
produce many more inftances of falfe reafonings in 

the writings of chemifts, occafioned by their igno- 
rance of the true principles of nature ; but as che- 
ea miftry — 
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- miftry is at prefent out of my province, I fhall ae 
reft contented with the fingle inftance which I have — 
given. a ak 
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‘AVING in my former Lecture proved from Lz cr, 

experiments, that there is a power in nature Il. 
_ whereby the parts of matter, which are brought fo —w=— 
near as to touch, do in fome circumftances mutual- 
ly attract each other; I fhall now treat of fuch 
kinds, of attraétion as extend themfelves to confi- 
_derable diftances, beyond the point of conta¢t, and 

on that account affeét the mind more ftrongly, fo 

as to convince it more fully of the reality of fuch 

a principle. Of this kind is, Firft, that attraction 
which obtains between glafs and glafs.. Secondly, ~ 
that of ele¢tricity. Thirdly, the attraction of 
magnetifm. And laftly, that of gravity; of all 
which in their order. | 

And firft, if a glafs bubble be fet to float on Exp. 1. 

water contained in a glafs veffel, at a {mall diftance 

- from the fide of the veffel, it will, from a ftate of 

reft, begin to move towards the fide of the veffel ; 

and it’s motion will be continually accelerated, fo 

as to make it, upon it’s arrival at the fide of the 
veffel, to ftrike the fame with fome force. 

Perhaps it may be thought, that the motion of 

the bubble arifes from fome declivity of the water 
towards the fides of the veffel : but whoever obferves 

the furface of the water will find, that it rifes all a- 

bout the fides of the glafs, fo as to become of a con- 

cave figure, and for that reafon may retard, but can 

by no means promote the motion of the bubble; and 

this rifing of the liquor about the fides of the vefiel, 

js to be attributed to the fame caufe with the motion 
of the bubble, namely, the attraction of the gals 
MUO : Cc 
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Lect. The acceleration obfervable:in the bubble’s motion 
Il.  arifés from! two caufes; ; the firlt iss: the continuéd 
t—-——/ and uninterrupted action of the attractive force of 
the glafs ; for if we fuppofe the time of the bubble’s 

motion to be:dividedinto a number of equal parts, 

as for inftance ten 5 and if the attraction of the glafs 

be fuppofed to. make equal impreffions on the bub- 

ble in each of thofe parts of time, it is plain, that 

. ..) Whatever be,the motion which 1s excited in the bub- 

it ' Blesby, she impreffion of attraction in the firft por- 
ouevom tHon-Of timey thé fame will bedoubled in the feconds 
tripled. in the thirds: and: fo on continually: through 

the: feveral portions of times: for the motion pro- 
duced in the firft portion of time is not loft, ahd - 
therefore by the addition sofas much more in the fe-_ 

cond portion ef time it beedmes» double; and in the 

third tiple;,.and fo on.; Now af inftead of ten parts 

we fuppofe the time of the motion tobe divided in- 

to’ numberle{s) -parts: indefinitely fmall; in each of 

which the attraction of the glafs makes equal im- 
‘preffions on the bubblée:as befdre sy: the motion will 

be ‘continually accelerated, though the attractive 

| Force of the glafs. Richi continue the fame at at 


ite. 


more ~ioeaie thie nearer ‘the babble apbibachies; on 
which: account. the motionis‘more and more acce- 
lerated the ,nearet the bubble! comes to the glafS. 
» By eleGtricah attraction, I:mean that kind of ‘at- 
traction which is excited in bodies when their parts 
are heated by friétion, and which doth not difcover 
it felf by any fenfible effect: when the bodies are 
cold. Of this fort aré the-attraétive forces, which © 
amber, rofiny fealing-wax,; and: indeed moft ful- 
phurous fubftances. when heated by rubbing, have 
been. found to exert towards chaff, feathers, leaf- 
gold, lamp-black, and many other light fubftances. 
But as the attra€tions of thefe bodies have fallen — 
within, the notice of vulgar eyes, 1 think itneedlefs _ 
tO. make any experiment for the proof thereof; but 
choofe 
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choofe'rather fo ‘lay before you fome experiments Le ¢ r. 
which plainly'thew this power to obtain in glafs, I. 
and that toa very notable degree, though it has not Rayne 
till’ of late been’ Commonly obferved. And firft, 

If a-cylindrical tube of flint glafs be rubbed brifk- 
ly ‘with browA paper; or woollen cloth till it ac- 
quires fome degrée of heat, and be then held near 
to fimall pieces of gold or brafs leaf; they will be- 
gin to move, and fome of them will fly towards the 
tube with great fwiftnefs, and fix themfelves upon 
it fovas to adhere thereto, being acted’ upon by the 
attractive force of the glafs: whilft others, during 

_ their afcent towards the tube, will, before they can 
reach’ the fame, be driven backward with great vio- 
lence)-as will likewife fome of thofe which touch 

- the glafs, being atuated by another force, very dif- 

ferent from that of attraétion, which I fhall endea- 
your to explain to you hereafter. ‘The hotter’ the 
tube is made by rubbing, the farther doth it’s power 
reach, fo as in fome cafes toatt upon the leaf at 
the diftance of a foot or more. ~~ © ee ne 

‘ This electrical attraction of glafs doth in like 
manner appear from the following experiments. 

If over a globe of glafs fixed on afi axis, whofe Exp. 2, 
pofition is horizontal, a parcel of woollen threads 
be fufpended from’ a femi¢ircular wire, fo as that 
their lower ends may be diftant an inch or a hittle 
more from the globe, they will, fuitably to the na- 
ture of all heavy bodies; hang’ down perpendicular 
to the horizon, and parallel to each other ; if then 

- the globe be moved’ pretty brifkly round it’s axis, 

the threads will immediately change their ofition, 
fo as to have their ends bent a little rt point- 
jig that way towards which the motion tends ; the 

_ rotatory motion of the ¢lobe being communicated 
_ to the circumambient air wherein the threads hang, 
and by means théreof in fome meafure to the threads 
_ themfelves. Let then an hand be applied to the 

_ lower part of the globe, fo as to rub the fame, and 
2 as 
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Ie c T. as foon as it grows warm from the friction, the 


threads, which before were crooked, will dart them- 


t—~-——~ felves out into fo many ftrait lines, all pointing to-: 


Exp. 3. 


_wards the center of the globe ; but as foon as,the 
attrition ceafes, and the globe cools, they quit this 


direction, and return to their former, pofition; 
whence it evidently appears that they are attracted, 
by the glafs, fince they are made to point towards 
it’s center, notwithftanding the contrary directions 
that were given them, by the motion of the air and. 
the force of gravity. In this and the two following 
experiments there is one remarkable circumftance, 
which though it does not concern the matter in hand, 
yet, becaufe I fhall have occafion to have recourfe 
to it hereafter, I fhall, to prevent the repetition of 


experiments, take notice of it here. And itis this; 


if while the threads are extended, and acted upon 
by the attraction of the globe, a finger be moved. — 
towards the extremity of any of them, they. will 


- Immediately recede and fly from the touch, and 


this they will do upon. every approach. of the 
finger.: ae 

If the axis of the globe, inftead of being parallel 
to the horizon, be placed perpendicular thereto, and 
the femicircular wire which fupports the threads be 
in the plane of .a circle parallel to the horizon, the 
threads muft, by reafon of their gravity, hang down 
in lines parallel to the axis of the globe ; yet as foon 
as the motion and attrition are given to the globe 
as before, the threads will be given to raife and ex- 
tend themfelves towards the center of the globe, 
and appear like fo many rays converging towards 
that center in a plane parallel to the horizon: fo 
that in this cafe, the attractive force of the glafs 
does not only draw the threads out of the parallel 
pofition they have to each other, but likewife raifes 
them up ina pofition parallel to the horizon, not- 
withftanding the force of gravity, which is con- 
ftantly acting upon them, to carry them down. 2 

3 
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. If the threads, inftead of being placed without the Le cr. 
‘globe, be fixed to the axis at the center, and be of II. 
- fuch a length ‘as to reach within about an inch of —~—4 
‘the furface ; when the globe is turned round, they Exp. 4. 
‘will bend backward, contrary to the direction of the 
‘motion; becaufe the included air, though it does in 
ome meafure partake of the rotation of the globe, 
yet doth it not move with equal fwiftnefs, and'for 
that reafon, muft refift the rotation of the threads, 
-and-bend them backward. When the threads are 
‘in ‘this! ftate, if the attraction of the glafs be excited 
‘by attrition, a8 in the two: laft experiments, they 
‘will ftraightway extend themfelves towards the con+ 
‘Cave furface of the globe, conftituting, as it were, 
‘fo many rays iffluing from the center, and diverg- 
‘ing from one‘another in a recular' manner.” °° 
\' The réafon why the threads, in all thefe experi: Exp. 5. 
ments, are ftretched into lines, tending either to or 
‘from the center of the globe, feems to be this. 
“Whatever: be the force wherewith the'globe acts on 
“the threads, the direction of it’ muftbe perpéndi- 
‘cular to the furface of the globe ; confequently, in 
ithe fame’ dire€tion- muft the threads move 3’ but 
-from the nature of the globe thofe, and thofe'lines 
only, are perpendicular to it’s furface, which either 
‘iffue from or tend towards the central point. 
© Having faid thus much concerning electrical at- 
‘traction, I now proceed to that of magnetifm. Many 
-and furprifing are the properties both of the load- 
-ftone and magnetical needle, which however I fhall 
‘not here confider';, my intent at prefent being only 
-to fhew from experiment the law of magnetical at- 
‘traction ; or in other words, to fhew in what pro- 
‘portion the attractive power of the loadftone varies, 
-according to'the different diftances of the iron which 
‘it attraéts. And in order to this, let a loadftone be Exp. 6. 
-fufpended at one end of a balance, »and counter- - 
‘poifed by weights at the other; let a flat piece of 
iron be placed beneath it, at the diftance of vc 
; J a fenta 
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Leer, tenth parts of an, inch, the ftone will immediately 
ik. defcend, and adhere. to the iron; det the ftone again 
mo ete ‘be remoyed, to the; fame diftance, and .a. weight _. 
> four grains, ‘and. four tenth parts of a.grain, .. be 
thrawn into.the {eale, at the other end of the balances 
this, bys wil a8 an: exact b eoungesbalancs to pane 
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Basi it’s 5 delenee will. be. about, feventeen. sseaics | xe: 
an-half, that,is,four times as much as before; Con- 
fequently, the attractive force of, the ftone, at, the 
fingle diftance from the iron,, is to, the. fame. at the 
‘double diftance as four to.one, that i 1s Recipaeally 
as the fquares of the diftances. . - 
Perhaps it.may .be objected, - that Sis: aris 
Newron (to.whofe judgment in natural affairs the 
utmoft regard is due) has faid that the power, of. the 
loadftone decreafes. nearly in the triplicate ratio of 
the increafe of the diftance. But whoever confiders. 
his words in the fifth corollary of the fixth -propo- 
fition of the third book of his principles, where he 
mentions this law,, will. find, that .he {peaks of it 
with diffidence, -as.a.thing which’ he rather guefied 
at from fome tude obfervations, than collected from 
accurate experiments, for his words are, ) Et invrecef- 
fuca maguete decrefcit, in ratione,difantie-non duplica- 
ti, fed fere triplicata,, quantum, ex craffis quikufdam 
obfervationibus animadvertere potui... So, that,jnot- 
withftanding this objeétion, I-thall ftill venture to 
affirra, the law of magnetical attraction to-beduch 
as makes it.aét with forces which are. in. the: Feck- 
procal duplicate ratio of the diftance. Becaufe this 
Jaw is deduced from an experiment made, with. fuf- 
ficient exattnels, and which, dagen Hot feemnilipble: ip 


any exception. 
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- Though Qoaenive of .gramity; jwhich comts Ly 5 e Th 
next tobe treated) of, be diffufed throughout thetd, ii. 
lar fyftem, and may probably ‘be extended: fo far ag hmenyeond 
to reach the otherdyftemsof the pniverle yetdhad 
-Jconfider it at prefent with refpect. only to the 
globe of earth, which we inhabit; theiparts wherer 

of would by reafon-of the diumal-rotation be apt so 
fly afunder, were they not kept together! by the ime 
fluerice of this principle ;. whereby: likewite alli bo- 

dies on or near thexfurface of the earth, are made. 

to tend towards it’s:center. ; » This: pawer ab requal 
diftances from ‘the center of. the earthias;always pror 
portional to ithe quantity of matter ;,in-the; body 
whereon it a&ts:; for all bodies, the ight as»well as 
heavy, being let fallifrom the amo height defeénd 
with equal {wiftnefs, sprovided-theyimeet :with no 
refiftance from theair, as will appear from the tols 
 Jowing experiment. Ietaspiete dfgolidiand)aiteas Exp. 7. 
ther be let fall from thetop of anvexhian fred receiver 
at the fame inftant of time, 1and.they will both:ar — 


 _tiveatthe:bottom at the famestime’ very néarlys3< 
The reafon -why the feather doth: not reach the 


bottom quite fo foon as: the gold, ‘ss; that the re- 
ceiver cannot’ be. pérfectly exhauftedsvand there- 
fore the fmall portion of air which 'remais within, 
though very much warified, gives forme; {mal} wre- 
fiftance to. the defcending bodies, » which sfuitably 
‘to the nature of all refiftance muft retard the ight- 
er body more than the.heaviers; and confequently 
caufe fome little difference in the times/of the ide- 
feent, which \otherwife would: be exactly’ equal. 


_. This them -beimg ‘the icafe, at. evidently follows, 


that the:forces of gravity, whereby bodies defcend, 
- muftat equal diftances from thei center :be asthe 
quantities. of matter \in the; defcending ibodiess 
it-ifracertain force of gravity beirequifite to:car- 
ry down: a certain quantity of matter'with arcer- 
 tainfwiftneds; then is double the force neceflany to 
_. eartty: down a double quantity: of axon 
eee be t 
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Lecr. the fame fwiftnefs; and triple the force to carry 
II. down a triple quantity, and fo in proportion; 
Neemyoet whatever be the quantity of matter: fo that the 
weights of bodies, at equal diftances from the cen- | 
ter of the earth, are always proportional to the 
que of matter which they contain; and there- 
ore, the quantity of matter in any body may be 
meafured by it’s weight. 

-. The gravity of a body, at any place beneath the 
furface of the earth, has been proved by Sir I. New- 
Ton to be directly as the diftance from the center ; 
that is, f{uppofing the earth’s radius to be four thou- 
fand miles, a body, which on the furface of the 
earth weighs a pound, will within the earth, at the 
diftance of two thoufand miles from the center, 
weigh only half a pound, at the diftance of one 
thoufand miles only a quarter, and fo on till at the 

center it lofes all it’s gravity. Ry oer: 
. It has been likewife proved, that the force of gra- 
vity on the furface of the earth, and all diftances © 
beyond it, 1s in the reciprocal duplicate ratio of 
the diftance from the center; that is, if a body — 

weighs a pound at the furface of the earth, whofe 
diftance from the center is four thoufand miles, © 
it will at double that diftance weigh only a quar- 
ter of a pound, and at triple the diftance, only 
the ninth part of a pound, and foon, whatever 
be the diftance the force of gravity will be reci- 
procally as the fquare of the diftance. For is it 
not highly rational that the power of: gravity, 
whatever it be, fhould exert it felf more rigoroufly 
in a {mall fphere, and weaker in a greater, in pro- 
portion as it is contracted or expanded; and i fo, 
deeing that the furfaces of fpheres are as the {quares — 
of their radii, this power at feveral diftances muft — 
be as the fquares of thofe diftances reciprocally. | 
Though, ftrictly fpeaking, this be the law of gra- | 
vity, yet where the diftances from the furface are 
inconfiderable with refpect to the earth’s ae ; 
oa) » the 
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the force of gravity may be looked upon as equal Lz cr, 
at all thofe diftances; thus for inftance, the gravi- IL. 

ty of a body at the diftance of half a mile from the —~c-— 
earth may be looked upon as equal to the gravity 
thereof at the diftance of a quarter of a mile ; or 

at. the very furface; becaufe the difference is fo 

fmall, that if it be rejected it will not occafion 

any error in calculations. And indeed on this 
_ fuppofition are founded moft of the reafonings of 
GALLILZ0, TorriceLttius, Huycens, and 

other naturalifts concerning the defcent of heavy bo- 
‘dies; and by the help of the fame fuppofition 

have the feveral theorems been formed relating to 

- the acceleration of falling bodies, the fpaces de- 
 {cribed, the times of the fall, and the velocities 

thereby acquired ; as I fhall now thew you. 

If the force of gravity whereby a body defcends 
remains unvaried, the motion of a body falling by 
 fach a force will be accelerated, and that uniform- 
ly; thatis the velocity will increafe, and the incre- 
ments thereof in equal times will be equal. For 
let us fuppofe the time of the defcent to be divided 
into a number of equal parts indefinitely fmall, in 
each of which by fuppofition, the force of gravity 
_ makes equal impreffions on the body to carry it 
- down; whatever velocity therefore the body re- 

ceives from the impreffion of gravity in the firft 
portion of time, it muft receive as much in every 
other portion ; fince therefore fetting afide all out- 
ward lets and obftacles the effect of every impreffion 
remains, the velocity given in the firft portion of 
time, will be doubled in the fecond, tripled in the 
_ third, quadrupled in the fourth, and foon continu- 
ally through the feveral portions of time. So that 
the velocity of a body falling by the force of gravi- 
ty will conftantly increafe in the fame proportion 
with the time of the defcent. Or in other words, 
the motion of a body carried down by the force of 
gravity will be uniformly accelerated ; and the ve- 
a" | : Cc | locities 


ee 
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“Jocities acquired will be as the times of the defcent 
from the beginning of the fall. 

From what has been faid it follows, that if a 
right line as A B be fuppofed to denote the time 
of a body’s fall, and another ‘right line as BC 
fet at right angles to the former, to exprefs the ve- 
locity acquired by the falling body in the time de- 
noted by AB. The triangle ABC being com- 
pleted, and another right line as DE drawn pa- 
rallel to BC, then will DE denote the velocity 


~ acquired by the falling body in a portion of time, 


which is to the time denoted by AB, as A D to 


‘AB. For from the nature of’ fimilar triangles, 


AB isto AD as BC to DE;.but BC expreffes 
the velocity acquired where the time is as A B, con- 


_ fequently,; fince the velocities are as the times of the 


Fig. e 


defcent, D E will exprefs the velocity acquired 1 in 
the time denoted by AD. - 
And what has been thus proved of the line D E, 


is in like manner true of any other right line, as F G, 


or H 1, drawn within the triangle parallel to the 
bafe; for FG and HI will exprefs the velocities 
acquired i in the times denoted by A’ F and A H. 
The fpaces defcribed by bodies falling from a 
flate of reft by the force of gravity are to one ano- 
ther as the fquares of the times from the beginning 
of the fall, In the triangle ABC, let A Bex- 
prefs the time of a body’s fall, and BC the velocity 


acquired at the end of the fall, let AB be divided 


into a number of equal: parts indefinitely fmall ; 
and from‘ cach of thofe’ divifions fuppofe lines, as 


DE drawn parallel to BC; it is evident from 


what has been faid, that thofé lines will exprefs the 


velocities of the falling body in the feveral refpec- 


tive points of.time; which velocities, inafmuch as 
the body is given and the portions of time are in- 
definitely fall, will be as’ the. refpective {paces 
deferibed in thofe times: ‘but the fum of the {paces 
defcribed in all the. fmall portions of timé is bn 
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to the {pace defcribed from the beginning of the Lecr. 
fall; and the fum of all the lines, as DE taken in- H. 
definitely near each other conftitute the area of the ——~v=—~4 
triangle. And therefore the {pace defcribed by a fal- 
ling body in the time exprefled by A B, and where 
the velocity acquired at the end of the fall is denoted 
by BC, will be as the area of the triangle ABC. 
| And for the fame reafon the fpace defcribed by a 
falling body in the time expreffed by A D will be 
as the area of the triangle ADE. But from the 
nature of fimilar triangles thefe areas are to one an- 
other as the {quares of their homologous fides ; that 
is, as A Bito AD’, or as BC!to DE*.. But AB 
and A D exprefs the times of the fall, and.BC and 
DE the velocities acquired by the fall; where- 
fore the fpaces defcribed by a falling body are 
as the {quares of the times from the beginning of 
the fall, or as the fquares of the velocities at the 
end of the fall. And what has been thus demon- 
{trated from the nature of gravity is likewife con- 
firmed by experiments. For if a weight of eleven Exp. 8. 
hundred grains be let fall from the height of three 
inches, fo asto ftrike one end of a balance; its 
force will be juft fufficient to raife a pound weight 
atthe other end of the balance to the height of 
about the eight or tenth part of an inch; whereas 
if the fame body be required to raife a weight of 
two pounds to the fame height, it muft be let fall 
from the height of twelve inches ; and if the weight 
to be raifed be three pounds,then muft the moving 
body fall from the height of twenty feven inches, 
for leffer heights will not fuffice, as will appear from 
_ the experiment. peur {hss ai 
__ The forces wherewith the defcending body ftrikes 
the end of the balance are meafured by the weights 
that are raifed ; which'in this cafe are as one, two, 
and three ; but the forces wherewith one and the 
fame body ftrikes, are as the velocities of the body, 
wherefore in the cafe hegre usthe velocities seule 
ath” - BY 
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Lect. by the falling body are as one, two, and three; but 


II. 


t—\-— quire thofe velocities are as one, four, and nine 


Exp. 9. 


by the body whofe weight was as two, when by fall- 


the heights from which it defcends in order to ac- 

> 
‘that is as the {quares of the velocities. os ie 
_ If this experiment be repeated with a body — 
double in weight to the former, to wit, with one 
of twenty two hundred grains; the weights raifed 
by the ftrokes will be two, four, and fix pounds, 


_ to wit, double the former. : 


_ From this experiment appears the truth of that 
rule, which colle¢ts the quantity of motion in any 
body by multiplying the velocity of the body into 
it’s quantity. of matter. For the force of a ftroke 
is, ceteris paribus, always proportional to the quan- 
tity of motion in the ftriking body ; confequently 
in like circumftances the motions of bodies may be 
meafured by the force of their ftrokes; but it has 
appeared from the experiment that where the ftrik- 
ing body is as unity, and the velocities wherewith 
it moves at the times of the ftrokes ; as one, two 
and three; the forces of the refpective ftrokes are 
likewife as one, two and three. But where the 
body is as two, the ftrokes are as two, four and fix: 
that is, in both cafes the ftrokes are as the products 
arifing from the multiplication of the quantities of 
matter in each body. into the refpective velocities ; 


. wherefore the quantities of motion are as thofe pro- 


duéts. Whence asa corollary it follows, that if 
the weight of one body multiplied into it’s ve- 
locity gives an equal product to what arifes from 
the multiplication of the weight of another body 
by it’s velocity, the motions of thofe two bodies are 
equal; and this will ever be where the weights of 
tthe bodies are reciprocally proportional to their ve-. 
locities. Thus when the body whofe weight was as 


unity, was let fall from the height of twelve inches, 


and thereby acquired a velocity which was as two; it 
raifed a two pound weight,which was likewife raifed 


ing 
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ing from the height of three inches, it had acqui- Lect. 
red a velocity which was as unity. i! eee 

From what has been proved concerning the fpaces <7" 
defcribed by falling bodies it follows, that if the 
time of a body’s fall be divided into a number of 
equal parts, the fpaces through which it falls in each 
of thofe parts of time taken feparately and in 
their order, beginning from the firft, are as the 
odd numbers taken likewife in their order, begin- 
ning from unity. For inftance, if the time of the 
fall be four feconds, the {pace defcribed in the firft 
of thofe feconds will be as one, in the fecond as 
three, in the third as five, and in the fourth as fe-. 
ven ; for where the times of the fall are.as one, two, 
three and four; the fpaces defcribed are as one, 
four, nine and fixteen ; and therefore if from the 
{pace defcribed in two feconds, to wit, four, be fub- 
duéted the fpace defcribed inthe firft fecond, to wit, 
one, the remainder, to wit, three, will be the 
fpace defcribed in the next fecond. And if from 
nine, which is the fpace defcribed in three feconds, 
be taken four, which isthe fpace defcribed in two 
feconds, the remainder, which is five, will be the. 
fpace defcribed in the third fecond. In like manner 
fide nine, the {pace defcribed in three feconds, 
from fixteen, which is the {pace defcribed in four 
feconds, the remainder, to wit, feven,, will be the 
fpace defcribed in the fourth fecond ; and fo on ac- 
cording to thenumber of parts into which the time _ . 
of the fall is divided. csietur eo} 
- From what has been faid.it likewife follows, that 
the velocity acquired by a:falling body:at the end of 
the fall is fuch as with an equable motion would in 
the fame tame in which the body fell,carry. it through 
a {pace double that of the fall. Thatthe truth of this. 
may be made appear, it is neceflary that fome things 
be premifed concerning the fpaces defcribed by bo- 
dies carried with an equable motion. And firft, if 
the velocity of a body movinguniformly be given, 
Cae ae C3 ; . 3S the. 
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Lecr: the fpace defcribed will be as the time of the mo- 
| tion; for if a body with a given velocity moves 
Gey through a certain fpace a foot, for inftance, in a fe- 
cond-of time, it will in two feconds, with the fame 
velocity, move through two feet, and through three 
feet in three feconds, and fo on, whatever be the 
time, the {pace defcribed will be proportional thereto. 
On the other hand, if the time be given, the fpace 
defcribed will be as the velocity ; for if a body in 
a given time moves through the {pace of a foot with 
a certain velocity, with double the velocity it will 
pafs through the fpace of two feet, and with triple 
the velocity. through the fpace of three feet, and fo 
on, whatever be the velocity, the fpace defcribed will 
be in the fame proportion. But if neither the time 
of a'body’s motion, nor the velocity wherewith it 
moves be given, the fpace defcribed will be as the’ 
time and velocity conjointly ; for ifa body moving 
witha certain velocity rans through a certain fpace 
In a certain time, it follows from what has been faid, 
that if the time be increafed or diminifhed in any 
proportion, in thefame alfo will the fpace be increaf- 
ed or diminifhed, | fuppofing the velocity to remain 
the fame, but if that likewife be changed, itis plain 
that the fpace will be changed in the fame propor- 
tion ; and therefore univerfally the fpace defcribed — 
by a:body moving equally is as the time’ and velo- 
city'conjointly. “For which reafon, if in the re@- 
Fig. 5. angle, one fide, -as'A B, be fuppofed to: denote the 
time wherein a body moves equally, and BC the 
velocity:wheréwith it moves, the rectangle ABCD _ 
will:bei'asothe: fpacedefctibed ; but the triangle 
A BCof thei fame figure, ‘is as the fpace deferibed 
by'a falling ‘body in ‘the time denoted by: AB, and 
BC is! asthe welocity ‘acquired at the end of the 
fall; andthe rectangle A BCD is double the tri- 
angle A B:C;.confequently ‘the velocity acquired 
by a falling body is fuch as will carry the body oe 
amequable motion ‘in the time of the fall throug 
double the fpace of thefall. As 
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As the motion of bodies falling from a, ftate of Lrer. 
reft is uniformly accelerated ; fo likewife the motion II. 
of bodies thrown upward. is uniformly retarded ; wyrw 
‘for the fame force of gravity, which confpires with . 
the motion of defcending bodies, acts in direct op; 
pofition, to, the motion of fuch, as afcend; and 
therefore in-whatever manner it accelerates the one, 
in the very fame manner. muft it retard the other. 
Whence. it follows, that if.a body be thrown di- 
rectly upward, the. time of. its rife will be equal 
to that wherein a body falling freely from a ftate of 
reft, acquires the fame velocity wherewith the body 
is thrown up... For fince the action of gravity is 
conftant and, uniform in whatever time it generates 
any velocity in a falling body, in the fame time muft 
it deftroy that velocity in a rifing body; and there- 
fore the time-of the rife mufl be equal to that of 
the fall. It likewife follows that the height to which 
a body..thrown. upward rifes is equal to that from 
which a body falling freely does at the end of the 
fall acquire a, velocity equal. to that wherewith the 
body is thrown up. For fince the times. in which — 
the velocity of the falling body 1s generated, and 
that of the..rifing body is deftroyed, are equal: 
and fince,of the two equal’ velocities one is gene- 
rated and, the. other ,deftroyed by the conftant uni- 
form.action of one and the, fame power; it is mani- 
~ feftthat whatever be the {pace through which the fal- 
ling body movesin order toacquire it’s velocity,the 
rifing, body. muft.afcend. through an equal. {pace in 
order to lofe it’s velocity ; thatis it muft rife to the 
fame height.from which, the other falls. 
The force of gravity at the furface of the earth is 
fuch.as, fetting afide the refiftance of the air, makes — 
a-body falling from a ftate of reft to defcend through 
a fpace of. fxteen. feet and an. inch ina fecond of 
time. For the time wherein.a pendulum performs 
it’s {malleft vibrations is tothe time in which a body 
falls through half the length of the pendulumas the. 
miohob 4 


ib C circum= 
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Lect. circumference of acircle to it’s diameter (as-thall be 
fhewn when I come to treat of the pendulum) 
“—\-~/ wherefore fince the fpaces defcribed by falling bo- 
dies are as the fquares of the times, and fince the 
diameter of a circle expreffes the time which a 
body takes to fall through half the length of a pendu- 
Jum vibrating feconds, when the circumference ex- 
preffes a fecond ; it follows that as the {quare of the 
diameter is 'to the fquare of the circumference, fo is 
halfthe length of the pendulum to the fpacethrough _ 

which a body falls in a fecond of time. So that 
putting D to denote the diameter of a circle, which 
is as unity, P the periphery which is as 3,1416, L 
the length of the pendulum vibrating feconds 

which is 39; inches; and S to denote the fpace 
fought; we fhall have this analogy D? : P* : :—:S, 
Pee, Si seus gthasrer’. 
or rejecting the divifor as 


Confequently S= 
D 


being equal to unity S=P*4P=193 inches or fix- 
teen feet and an inch. UM OG Tae NG 
Before I quit this fubject I muft obferve’ to’ you 
that bodies do not every where defcéend at the rate 
of fixteen feet and an inch in a fecond of time,but in 
fuch places only as are in or near the latitude of for- — 
ty nine degrees ; in places. more diftant from’ the _ 
line the defcent is quicker, and more flowin thofe 
lefs diftant: For the force of gravity is lefs to- 
wards the zequator than towards the poles, as has 
been collected from obfervations made on pendu- 
lums; for they have been found to vibrate more 
flowly near the line than in places farther removed; 
infomuch that a pendulum which in the latitude of 
Paris vibrates feconds, muft be fhortened one fixth 
of an inch French meafure in order to it’s vibrating 
feconds under the line.’ And the length of a pen- 
dulum’ which in the latitude of Paris performs- 
it’s vibrations ina fecond, is to the length of . pen : 
| 0 AUIUM 
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dulum whofe vibrations are performed in the fame Lis ct. 
time under the line as 220 to 219. Since therefore __ II. 
the forces of gravity which a€tuate pendulums that —~— 
vibrate in equal times are to one another as the 
lengths of the pendulums (as fhall be fhewn when I 
come to treat of pendulums) it is evident that the 
force of gravity in the latitude of Paris is to the 
fame force under the line as 220 to 219. And 
indeed it has appeared from a great number of ob- 
fervations that the force of gravity is leaft at the 
zequator, and that it continually increafes as we re- 
cede from thence and approach the poles, under 
which itis greateft of all. And the chief caufe of 
this difference is the rotation of the earth about it’s 
axis, whereby all bodies on or near the furface of the 
earth are endued with a centrifugal force, which aéts 
in oppofition to that of gravity, and of courfe mutt 
leffen the fame; and the diminution of gravity ari- 
fing from this caufe muft be greateft under: the 
equator, and grow’ lefs and lefs in the approach 
to the poles: and ithat for two reafons, firft, be- 
caufe ‘the centrifugal force is greateftat the equa- 
tor, and from thence towards the poles is continual- 
ly diminifhed fo as at Jaft to vanith in the polar 

ints. For all parts of the earth’s furface with the 
badies thereto adjacent revolve in the fame time ei- | 
Aher in the zequator or, in circles parallel thereto ; 
but the equator is the. largeft of all thofe circles; 
and the others grow lefs and lefs'as they are more 
and’ more diftant from the sequator. Now the 
centrifugal forces of bodies revolving in the fame 
time’in different circles being to'one another as the 
radii of the circles (as fhall be fhewn when I come 
to treat of thofe forces) it follows that the centri- 
fugal force muft be greateft at the zequator; and 
thence be continually diminifhed towards the poles. 
‘To illuftrate this, let A B be the axis of the earth, Fig. 6. 
CK the. radius of the equator, DI, EH and FG 
the radii of fo many circles parallel to the zquator, 
vibe lee, J the 
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the centrifugal forces in the points '‘K, I, H, G, are 


as thofe radii; fo that the centrifugal force is great- 
eft in the point K, that 1s at the: equator, andat I 
it is lefs than at K,.and atH Jefs: than at J,,.and 
lefs again at G, and fo on tillatlength it vanifhes at 
the polar point where there is no rotation., Whence 
it is evident that the force. of «gravity muft.-be 
fmalleft under the line, and muft: increafe towards 
the poles, inafmuch as the force which; acts in op- 


-pofition to itis greateft under the line and Jeffens in 
the approach to the poles... The: force of gravity 


~ mutt likewife be lefs under the equator than in any 


otherplace, becaufe under the line the centrifugal 
force acts in dire&t oppofition to the force of gravity, 
whereas in other places it acts in an oblique direction 
to that of gravity, and of confequence mutt act Jefs 
powerfully againft it. .Thus in the point .K the 


- force of gravity pulleth . from Ki:towards C whiltt — 


the centrifugal: force-pulleth directly contrary: from 
C towards K:; whereas in the pomt L gravity pul- 
leth frorn L: towards: C, »whilft the direction ofthe - 
centrifugal:force. is from: O} towatds L. » Let) the © 

centrifugal forcein the pointiL be €xprefled-by the 
line LM, and ‘to:C Li continued to N let fall the 
perpendicular MN... The force IM, according t 

the known method of refolving; forces, of : hich | 


~ fhall-fpeak hereafter, may be refolved into two forces 


denoted by the: lines NM, and-LiN;: whereof the 
latter .only acts.in oppofition to gravity. as»pulling 
direCtly againft it; the other no: way affecting the 
fame » confequently; fuppofing the centrifugal force 
at Lto be the-fame as at K, yet will:the force~of 


gravity be‘lefs diminifhed by:it at» I than, at.K, 


becaufe dt Lpart.only of the centrifugal force: rer 


fifts that. of -gravvity, ‘whereas at K the whole cen- . 


trifugal: force acts im Oppolition thereto. 


° e 


. .)Froni what has been faid it follows, that the force 
_ whereby gravity is leffened inthe:aequator is’ to the 


force whereby it is leffened imany-other part of the - 


¢ earth’s 
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-earth’s furface as the fquare of radius to the fquare 
of the fine of the complement of latitude. Forthe 
centrifugal force in the point K, the whole of which 
aéts in oppofition to. gravity, is to the centrifugal 
force in the point L, as CK or CL.to OL; but the. 
whole centrifugal force in Lis tothat part of it which 
oppofes gravity, as LLM to L N, that is, becaute the 
triangles LN M and COL are fimilar, as C L, to 
OL; wherefore the centrifugal force or the force 
which oppofes gravity in the point K is to that part 
of the centrifugal force which oppofes gravity in 
the point L, in the ‘duplicate ratio of C L to OL, 
that is, as the {quare of radius to the fquare of the 
fine of the complement of latitude. | | 


LECTURE I 
Or REPULSION AND ‘Cenrrat ForcEs. _ 


‘M. Sexperience has:convinced: us that there are [3 cr. 

Powers in nature, whereby not only the lar- yyy. 

ger fyftems and collections, but likewife the fmaller 

parcels and particles of matter are in fome cafes 

made to tend to one another; the fame experience 

will inform us of other powers in nature, whereby 

the parts of matter do in fome circumftances recede 

and fly fronr eachother.» For if the difagreeing Exp. 1. 

_ pole of a loadftone be moved towards.a magnetical 

needle floating on water, the needle will recede’; and 

the nearer the ftone is brought toit, with the greater 

violence and precipitation will it fly off the repelling 

power, like the attractive, exerting itfelf with 

greater vigor at {maller diftances. | 

_~ This repelling power is likewife evident from the 

experiments which were made relating to electrical 

attraction : for it-was obfervable that upon holding — 

the glafs tube, when heated by friction, nigh fmall ° 


~ pieces of brafs-leaf, 3 fome of thofe, pieces which DY 
ywtal 4 ~ ; the 
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the attraction had been raifed towards the tube, 
were, before they could reach it, driven back again. 
with great precipitation: and of thofe which ad- 
hered to the tube fome were thrown off with a ve- 
locity much greater than could poffibly-arife from 
the force of gravity in fuch light bodies, and confe- 
quently muft have been driven down by fome re- 
pelling power in the glafs. And in the experiments 
of the glafs-globe and woollen threads; when the _ 
threads were, by the attractive force of the globe, 
made to extend themfelves towards it’s furface, upon 
moving one’s finger towards them, they were ob- 
ferved to recede and fly off, and that at confiderable 


_diftances from the finger; which plainly argues a 


repelling power interceding the finger and the 
threads, when under the circumftances of thofe ex- 
periments. From this power it is, that the leaves of 
the fenfitive plant fhrink and retire from the touch 
of an approaching hand. And to the fame power 
we are to attribute the elafticity of the air; as 


_ alfo the fhaking off of the particles of light from 


the fun and other luminous bodies. 4 

-- Befides the forementioned principles of attraction 
and; repulfion, whereby nature feems to perform 
moft-of her operations, and which for that reafon 
are very properly ftiled: active principles ; there is | 
another of a paflive nature, commonly called the 


vis infita and vis inertia of matter, a force arifing 


from the inertnefs or inactivity of matter ; which 


' force in any body is proportional to it’s quantity of 


matter. From this force refult three paffive laws of 
motion, ufually called by modern naturalifts the 


three LAWS OF NATURE.* Sirs 
: 4 By virtue of the vis inertia it is, that the motion of a body _ 
produced by a force impreffed upon it, is meafured by the quan- 

tity of matter in the body and it’s velocity, taken together. For 


. ‘the, body by it’s vis inertia, refifts the force imprefied upon it 


‘which caufes it’s motion, in proportion.to it’s quantity of matter 5 
and confequently, to produce a given tendency in ee bod} 
oii | orward,. 


~ 
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The firft of thefe laws is, That every body, in Lect. 
proportion to it’s quantity of matter, perfeveres in IIT. 
it’s prefent ftate, whether it be of reft or uniform Uar~/ 
motion ftraight forward in a right line. For as eve- | 
ry particle of matter is with refpect to itfelf perfect- 
ly unactive, it is utterly impoffible it fhould produce 
any alteration in it’s own flate; for which reafon 
(fetting afide all impreffions from external caufes) 
if it be at reft, ic muft continue fo for ever; or if 
in motion, it muft for ever continue it’s motion 
without any change either as to direction or veloci- 
ty: fo then the continuation of motion in bodies 
projected, (the caufe whereof very much perplexed 
the naturalifts of old) is to be attributed to the paf- 
five nature of matter, which makes it as impoffible 
for a body of it felf to ftop it’s own motion when 
once begun, asit is for it to move it felf originally, 
or of it felf to change it’s figure. | 
As aconfequence of this law it follows, that all 
motion is of it felf equable and re¢tilineal, For 
firft whatever be the velocity wherewith a body be- 
gins tomove, the fame velocity muft continue du- 
ring the motion, unlefs a change be made therein 
by fome caufe from without ; wherefore the body 


forward, by whch it movesat a given rate or with a given velo- 
city, the force impreffed muft be proportional. to the refiftance 
arifing from it’s vis inertia, that is, to it’s quantity of matter; 
and if the quantity of matter in the body, and confequently the 
refiftance arifing from it’s wis inertie, be given, the force im- 
preffed will be proportional to the tendency forward which it 
communicates to the body, that is to it’s velocity ; and if neither 
the quantity of matter in the body, nor it’s velocity be given the 
force impreffed will bein a ratio compounded of the quantity of 
matter and velocity ; thatis, putting F for the force impreifed, 
~Q for the quantity of matter in the body, and V for it’s veloci- 
ty, F will beas Qx V. But the motion of the body is the ef- 
fect produced by the force F, and is proportional to it, that is, 
utting M forthe motion of the body, Mis as F. And therefore, 
‘by proportion of equality, M will be as Q x V5 or the motion 
‘of the body will be meafured by it’s quantity of matter and velo- 
city taken together. 
mutt 
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mutt in equal times move through equal fpaces with 
an uniform velocity; that is, the motion muft be | 
equable. And as motion is by vertue of this law in it 
felf equable ;, fo is it likewife rectilineal: for moti- 
on cannot otherwife be conceived than as dire¢ted 
and determined.towards fome place or other ; and 
it muft by the foregoing law keep the direction 
which it had at firft, until it be hindred or put out 
of it’s way by fome extrinfic caufe, that is, it mutt 
move on in a right line. If therefore a body moves 
in acurve, that curvature muft of neceffity pro- 
ceed from fome external force continually acting on 


the body ; and whenever that force ceafes to act, 


the body will move forward in a right line touch- 
ing the curve in that point wherein the body is at 
the inftant of time when the force ceafes to act. 


“Thus for inftance, if a ftone, moved about ina 


fling, be fet at liberty by flipping one end of the 
fling; it will not continue it’s circular motion, but 
go onin aright line touching the circle made by the 
circumvolution of the fling in that point where the 
{tone is let go. If the circle BC DE be the curve 
defcribed by the revolution of the fling A B about 
the centre A ; and if the ftone belet off at the point 
B ; it will move on in the right line BG, which 
touches the circle in B. For by the law, the natural 
tendency of the {tone in the point B is along the 
line B G, though by the force of the fling it be made 
to revolve in the curve. And what has been faid | 
of the ftone in the point B, is in like manner true 


of the fame at any other point as C, D, or E.; for 
in thofe points it’s tendency is along the lines Cr, 


DH, and EK. 

Another confequence of the foregoing law is. that 
all bodies, which revolve about a center, muft endea- 
vour to recede from the center; for fince bodies, 


that are moved round in a curve, do of themfelves 


in ¢very point of the curve tend to move in the 
I tangents 


Or CENTRAL FORCES. 4 
tangents to'each point; and fince all the parts of Lec. 
the tangents are more diftant from the center of iil. 

‘motion than are the parts of the curve, as is evident «=~ 
from the figure ; itis manifeft that bodies fo moved 
muft perpetually endeavour to fly off from the cen- 
ter of motion, which endeavour of receding is com- 
monly called the centrifugal force; and it is oppo- 
fed to the centripetal force, or that force which by 
drawing the bodies towards the center makes them 
to revolve in a curve. | 
Thefe two forces are by one common name called 
the central forces: and they are in all cafes equal 
the one tothe other. For let us fuppofe a body to 
~ revolve in the orbit EAC, and that being in the Fig. 9. 
point A the centripetal force ceafes to ac&t ; it will 
then ‘move forward in the direction of the tangent 
A B, and BC will be the fpace through which the 
body recedes from the orbit by means of the centri- 
fugal force ; and if A B be in it’s nafcent ftate, the 
centrifugal force will be as BC; but if the centri- 
petal force aéts at Aj it will make the body defcribe 
the arc A C in the fame time that it would defcribe 
the tangent A B, in cafe it were not ated upon by 
_ the centripetal force ; confequently, the fpace B C 1s 
- defcribed by means of the centripetal force; and 
the arc A C being in it’s nafcent ftate, the centri- 
petal force will be as BC, and of confequence equal 
to the centrifugal. | eS hha 
In treating of thefe central forces I fhall proceed 
- inthe following manner. Firft, I thall confider 
two equal bodies moving uniformly in two different 
 ciréles; and thence deduce one general expreffion 
for the central forces in the terms of the circle. 
Secondly, By fubftituting other proportional quan- 
tities in the place of thofe which contftitute the ge- 
~ fnefal'expreffion, I fhall form other general expref- 
-  fions for the fame forces. Thirdly, By a proper 
| ‘application of thofe expreffions I fhall eat aoa the 
ets oti | ness aws 
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Lec. laws of central forces in particular cafes, and at the 


Ul. 


fame time confirm each law by an experiment. 


‘aye —- Asto the firft, if two equal bodies moving uni- 


_ Fig, 10, 
EL. 


formly in the circles marked 1, & 2, do in the fame 
portion of time taken indefinitely {mall defcribe the 
nafcent arches AC; and if from the points C be 
drawn the lines C B, perpendicular to the tangents 
A.B, thofe lines will exprefs the proportion of the 
central forces. For fince the time in which the 
arches A C are defcribed is indefinitely fmall, the 
bodies will be carried through the {paces BC, by one ° 
fingle impulfe of each central force ; for which rea~ 
fon the motions of the bodies through thofe fpaces 
will be uniform; confequently fince the time of — 
the motion is the fame, and the bodies equal, the 
motion will be as the {paces defcribed, that is, as 
the lines BC; but forces whick generate equable 
motions are to one another as the motions gene- 
rated ; that is, in this cafe, as the lines BC; which 
lines being equal to the verfed fines A D of the 
arches AC, muft be equal to the fquares of the 
arches AC, divided by their refpective diameters 
AE. For from the nature of the circle, the verfed 
fine of any arch is equal to the fquare of the chord 
divided by the diameter; but as in this cafe the 
arches AC are fuppofed to be nafcent, they do 
not differ from their chords; and therefore in each 


circle the verfed fine of thé arch AC, (which 


verfed fine expreffes the central force) is equal to the 
fquare of the arch divided by the diameter: confe- 
quently, the central forces are as the fquares of the 


nafcent arches applied to their refpective diameters ; 


and forafmuch as thofe nafcent arches are to one 


another as any other two arches,which are defcribed — 


by the revolving bodies in a given time, the central 
forces of two equal bodies revolving uniformly in 
different circles, are to one another as the fquares 
of the arches defcribed in a given time applied to 
their refpective diameters ; or becaufe the diameters 

are 
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are as the radii, as the {quares of the arches applied Le cr. 

to their refpective radit. Wherefore putting Ato Ill. 

denote the arch of acircle defcribed in a given “~~~ 
_time,’D for the radius, and F for the central force ; | 


Fis as = as it ftands in the firft place of the firft 


rank of fymbols. | 
ce pee): 
Fis as D F is as ss Oe 
iy ov? | Vv? 
F is as + F is as roe 
Fisas 2 a SD: 
Fils Sp F is as Pp 
_Fisas DN’ F is as QDN* © 


As the bodies are fuppofed to move uniformly 
in the circles, it is evident that the arches defcribed 
_ inva given time are as the velocities of the revolv- 
ing bodies; and therefore in the general expreffion 
for the central force, the velocity of the body may 
be fubftituted in the place of the circular arch 3 
whence putting V for the velocity.of the body, — 


Vz i 
F is as Ds in the fecond place of the firft rank - 


of fymbols, which is a fecond general expreffion 
for the central force. | \ 
Again, the velocity of a body moving uniformly 
in a circle, is as the radius applied to the periodic 
time, or the time of one intire revolution. For if 

_ thevelocity of the body be given, the periodic time 
_«muft be proportional to the circumference of the 
circle, inafmuch as a body, which with a given ve- 
locity defcribes a certain fpace in a certain time, 
will require a double or triple time, to defcribe a 
double or triple fpace; and univerfally whatever be 
the magnitude of the {pace, the time in which it 1s 
Soe ioe : x Aa» ~ defcribed 


40 Or CENTRAL FORCES. 
Lec. defcribed will be proportional to it. If the circum- 
.II. ference of the circle be given, the periodic time 
—— will be inverfly as the velocity with which the body — 
moves; for if a body moves through a given {pace _ 
with a certain velocity in a certain time, it will 
with double the velocity move through the fame ~ 
fpace in half the time, and with a triple velocity in 
.one third of the time; and in general, in whatever 
proportion the velocity is increafed, in the fame — 
proportion will the time be leffened; that is, the 
periodic time will be inverfly as the velocity. If 
therefore neither the circumference of the circle, 
nor the velocity of the body be given, the periodic 
time will be directly as the circumference, and in- 
verfly as the velocity ; that is, as the circumference 
- applied to the velocity ; or (becaufe the circumfe- 
rence is as the radius) as the radius applied to the 
velocity. Wherefore putting P for the periodic 


time of a body revolving ina circle, P is as => ! 
and confequently, V is as ‘ If therefore in the 


fecond general expreffion 5 be fubftituted in. the 


place of V, we fhall have a third general expreffion 
Fee et ee | the D 
for the central force, wherein F is as pe asin the 


third place of the firft rank of fymbols. 
. Again, the periodic time of a body revolving 
uniformly, is inverfly as the number of revolutions 
performed in a given time. For if the periodic 
time of a body be fuch, as that in a given time it 
can perform a certain number of revolutions; if 
the periodic time thereof be doubled, it will per- 
form but half the number of revolutions in the fame 
time; and if the periodic time becomes thrice,as 
great, it will perform but one third of the number 
_of revolutions in the given time; and fo on, as the 
periodic time is inlarged, the number of a ar 
Wii 
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“awill be diminifhed in the fame proportion, fo that Le cts 
putting N for the number of revolutions in a given’ Il. 


time, P will be as a Confequently, Gf in the third 


general expreflion = be fubftituted in the room of 


P, we fhall have a fourth general expreffion for the 
central force, wherein F is as DN’, as it ftands in 
the laft place of the firft rank of fymbols. 

In collecting thefe general expreffions, I have all 
along fuppofed the quantity of matter in the revol- 
ving body to be given ; and for that reafon have 

- not made it a part of thofe expreftions, inafmuch. 
as it may be denoted by unity ; and as fuch, whe- 
~ ther it be taken in, or left out, it will not vary the 
, expreffions. But the cafe will be different, if ‘the 
quantity of matter in the revolving body varies 3 

becaufe the central forces, and confequently the ex- — 
preffions for thofe forces, will likewife vary; fo as. 
to be greater ceteris paribus in larger quantities of 
matter than in fmaller. For the whole central force 

~ of any body, is made up of the forces of each par- _ 
“ticle whereof the body confifts ; and therefore the 
more numerous the particles of. matter are in any 
body, the greater will it’s central force be {fo as 
to be double in a double quantity of matter, triple 
in a triple quantity ; and fo on in proportion to the 
quantity of matter. In order therefore to render 
the expreffions yet more general, let Q be put for 
the quantity of matter in the revolving body, and 

let it be multiplied into each of the four expref- 

fions, as in the fecond rank of fymbols. 

Before I apply thefe expreffions to the feveral 
particular cafes, I fhall offer an experiment in con- 

- firmation of what I juft now proved, wz. that the 
greater the quantity of matter in any body is, the 
‘greater is the central force, 


D2 Let 
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‘Lee-w. Let three glafs.tubes half full, one with mercur 
JIT. - and water, another with water and {mall leaden bul- 
‘temyomd lets, the third with water and a piece of cork, be 
Exp. 1. {topped clofe, and made faft to an inclined plane’; 
and let the plane be fo fixed to a table, moveable | 
about it’s center, by means of a wheel and axle, as 
that the lowermoft part of the plane may reft upon 
the center of the table. As long as the table con- — 
tinues at reft, the liquors and folids contained in the © 
tubes will, by reafon of their gravity, poffefs them-. . 
felves of thofe parts of the tubes which lye next the 
center of the table, leaving the remoter parts emp- - 
ty: and of the two bodies included in each tube, 
that which is heavieft will be neareft the center ; 
but upon turning the table about, the feveral bodies - 
will, by reafon of their centrifugal forces, whereby _ 
they are carried from the center of motion, fly to. 
the uppermoft parts of the tubes ; and in each tube, 
the heavier body will poffefs the uppermoft place, 
as being indued with the ftronger centrifugal force. 

If bodies moving in equal circles perform their 
revolutions in equal times; or in other words, if 
the velocities of bodies revolving in circles be equal, 
‘and their diftance from the center likewife equal, 
their centrifugal forces are as their quantities of mat- 
ter. For in the fecond general expreffion, fince V 
and D are given, Fis as Q; that is, the central - 
force-is as the quantity of matter; -which is con- 

Exp. z. firmed by the following’ experiment. Let two 
{mall troughs be fo fixed to two moveable tables, — 
as that the centers of the troughs may. lye upon the 
centers of the tables, and let the centers of the 
tables be fixed to two axles, on each of which isa 
‘grooved wheel, with equal diameters; let the two 
wheels be turned by means of one and the fame 
chord going round them: it is manifeft, that as the 
wheels are equal, they, and confequently the tables 
with their afixed troughs, muft, perform their re-_ 
volutions in the fame time; and the parts of the. 
$id I “Ve % Se 3 tables. 
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tables and troughs, whofe diftances from their re- Le cT. 
fpective centers are equal, will: revolve equally. - Ty 
fwift ; and fo likewife muft all bodies that are placed -=~—~ 

in the troughs at equal diftances from the centers : 
fo that by this contrivance, if two bodies be placed 
one in each trough at equal diftances from the-cen-, 
ters, they will revolve equally fwift. Let then two 
balls, whereof one is double the other, be’ laid one 
- in each trough, and let each ball.be faftened to.one 
endofachord, whofe other end paffing through an 
hole in thecenter of the table is made faft toa-weight,. 
which refts upon the floor ;'.and let the lengths of 
the chords be fuch, as that being ftretched, and the 
weights not raifed, the balls in the troughs may be, 
equally diftant from the centers. ‘This being,done, 
if the weights be to one another as. the balls,: and if 
the tables be turned about with -fuch a-welocity”as 
that the centrifugal forces.of the balls may, be fuf-. 
ficient to raife the weights, \they, will. be lifted up 
precifely at the fame time. Whence itappears, that, 
in this cafe the centrifugal forces ; are as the! quan-" 
tities of matter, inafmuch as they. overcome refilt- 
ances which are in that proportion. ning Se Hoi 
If equal bodies moving in uneqyal circles perform Exp. 3. 


their revolutions in equal times 3 or in other, words, 
“if the quantity of matter, in the reyolying bodies. 
be given, as alfo the number, of. revolutions per- 
formed in agiven time, their centrifugal, forces are 
as their diftances from the center, For inthe fourth, 
general expreffion, fince,Q.andN are, given, F is 
as D, that is, the force is as the.diftance... For the 
confirmation whereof, let,two-equal balls-be-placed 
in the troughs at diftances from the-centers,, which 
are as one and two, and when. the tables.are turned 
‘about, that ball, whofe diftance from the, center.is 
double, will raife a double weight} si) logics oy 
~~ Ifequal bodies move in-unequal.circles with equal 
“welocities ;. or more generally, if the-quantity of 
- matter. in the revolving; bodies be given, as,alfo, the 
a “rtp D2 velocity» 


‘ 
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Le ct. velocity wherewith they revolve; their central forces 


TEE 


are inverfly as their diftances from the center. For 


t-—y——/ in the fecond general expreffion, fince Q and V are 


Exp. 4. 


given, F isas 5» that is, the force is inverflyasthe — 


diftance. | Before I mention the experiment where- 
by this law is confirmed, I muft obferve to you, 
that to the axle of one of the tables is fixed a fecond 
wheel, whofe diameter is but one half of the dia- 
meter of the other wheel ; and therefore when the 
chord goes round the fmaller wheel, the table muft 
turn as faft again as when it goes round the larger 
wheel; fo that the table which is moved by means 


of the fmaller wheel, will revolve twice in the fame. 


time, that the other table which is turned by means 
of the larger wheel, performs one revolution. 
This being premifed, let two equal balls be fo 
placed in the troughs, .as that the diftance of that 
ball which is to tevolve by means of the fmaller 


' wheel, ‘may be but one half of the other’s diftance 


from the center; in which cafe their vélocities will 
be equal: for though the peripheries of the circles 
which the two balls defcribe, are as one and two; 


{yet will the Jeffery periphery be deferibed twice in 


the fatne’ time that the larger is defcribed once; 
and therefore the fpacés through which the bodies 
move in 'a given time’will be equal, and of confe- 
quénee their velocities ‘will be fo too. If then 
two-weigHts'be made faft to the chords of the balls 
if the masher of the’ former experiments; the ta- 
bles being -tufned about, the ball whofe diftance 
from the center isa one, will raife twice the weight 
that'is raifed' by “the ball whofe diftance is as twos | 


- fo that the’weights raifed, and confequently the 
forces which raf them, will be inverfly as the 


r 


diftances of the Balls from the center, = 4° 
“SUPequal Bodies revolve in equal circles with un- 
ual veloartiés,’ their ¢entral forces are as the fquares 
of the relocitie or becaufe the velocities are as the 
ols rea number : 


’ v 
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“number of revolutions in a given time, the forces Le cr. 
are as the fquares of the numbers of revolutions per- IU. 
formed in a given time. For by the fourth gene- 
ral expreffion, fince Q and D are given, Fis as N*, 
that is, the force is as the fquare of the number of | 
revolutions in a given time. To confirm this law, Exp. 5. 
let two equal balls be placed in the troughs at equal 
diftances from the centers ; and let that table, whofe 
axle has two wheels, be turned about by means of 
the fmaller, fo that it may perform two revolutions 
in the fame time that the other table performs one: 
in this cafe the numbers of revolutions performed by 
the two balls in a given time being as one and two, 

| their fquares will be as one and four, in which pro- 
portion the weights raifed will likewife be. 

“Jf unequal bodies revolve in equal circles with 
unequal velocities, their central forces are as the pro- 
duéts of their quantities of ‘matter into the fquares 
of their refpective velocities; or, which is the fame 
thing, as the products of their quantities of matter 
into the fquares of the numbers of revolutions ina 
given time. For by the fourth general expreffion, 
D being given, F is as QN’. Let therefore two 
balls, whereof one is double the other, be placed at 
~ equal diftances from the centers; and let the larger 
revolve twice in the fame time that the {maller re- 
volves once. In this cafe the quantity of matter in Exp. 6. 
the leffer ball, which is as unity, being multiplied 
into the fquare of it’s number of revolutions in a 
given time, which is likewife as unity, gives one for 
the product. And the quantity of matter in the 
Jarger ball, which is as two, being multiplied into 
the {quare of it’s number of revolutions in the given 
time, which fquare is as four, gives eight for the 

‘product : fo that the weights raifed by the two balls 

twill be as one and eight. — | 
If unequal bodies revolve in unequal circles with 
unequal velocities, their forces areas their quantities 
of matter multiplied into the fquares of their re- 

Wy eheep D4 fpective 
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Lect. {pective velocities, and that product divided mn 


IIT. 


their refpective diftances from the centers; or what 


ae amounts to the fame thing, their forces are as the 


Exp. 7: 


products arifing from the continued multiplication 
of their quantities of matter into their’ refpective 
diftances from the centers, into the fquares of their 
numbers of revolutions in a given fime; or to ufe 


_ the mathematical phrafe, their forces are in a ratio 


compounded of their quantities of matter, of their 


_ diftances from the center, and of the fquares of their 


numbers of revolutions ina Bien time. For by © 
the fourth general expreffion F is as QDN*.. To. 


confirm this law by an experiment, let two balls, 


whereof one is double the other, be placed in the 


troughs, fo as that the diftance of the {maller from 


the center may be to the diftance of the larger as 
two to one; and let the larger revolve twice in the 
fame time that the {maller revolves once. In this 


_ cafe the quantity of matter in the fmaller body, 


which is as one, being multiplied into the diftance 
from the center, which is as two, and the product 


o being multiplied into the {quare of the number of 


revolutions performed by the fmaller body in a given 
time, which is as one, gives two for the product. 
In like manner the quantity of matter in the larger 
body, which is as two, being multiplied into the 


~ diftance from the center, which is as one, and the: 


product of that multiplication being again multi- 
plied into the fquare of the number of revolutions 
performed by the larger body in the given time, — 
which fquare is as four, gives eight for the pro- 
duct ; confequently, the weights which are raifed, 
as alfo the forces which raife them, are as two and 
eight, or one and four. 

If equal bodies revolve in unequal circles in fuch 
a manner as that the fquares of their periodical — 


‘times are as the cubes of their. diftances, from the 


center, their central forces are inverfly.as the fquares. 
of their diftances from the center. For fince the 
N | hae quantity 
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quantity of matter in the revolving bodies is given, Lect. 
and the cubes of the diftances are as the fquares of III. 
the times; if in the third general expreffion the —w- 
cube of D be fubftituted in the room of the fquare 
of P, F will be as D divided by the cube of D, or 
as one divided by the fquare of D ; that is, the force 
will be inverfly as the iquare of the body’s diftance 
from thecenter. To confirm this law, let two equal Exp. 8. 

balls be placed in the troughs, fo as that the diftance 
of one from the center may be as two, and the di- 
france of the other as three and one fixth; and let 
that which is at the fmalleft. diftance revolve twice 
in the fame time that the other revolves once; fo that 
their periodical times may be as one and two, the 
{quares of which being one and four, are very near- 
ly proportional to the cubes of the diftances ; for 
the cubé.of the fmaller diftance is eight, and that 
_ of the larger thirty-two very nearly ; confequently, 
the balls mutt raife weights which are to one another 
inverfly as the fquares of the diftances from the cen- 
ter; that.is, the weight raifed by the ball, whofe 
- diftance is as two, muft be to the weight raifed by 
the ball whofe diftance is as three and a fixth, as 
the fquare of the laft diftance to the fquare of the _ 
- former, that is as. ten to four, or five to two very © 
5 didarlye sci 
If the fquares of the periodical times be propor- 
tional to the cubes of the diftances, andthe revolving 
bodies unequal, the central forces are directly as the 
quantities of matter in the bodies, and reciprocally 
as the fquares of their diftances from the center. 
For in the third general expreffion, if the cube of 
D be fubftituted in the room of the fquare of P, 
F will be as ~. If therefore all things remain as in 
the laft. experiment, excepting that the body which 
_ isat the greater diftance from the center is to the. bo- 
dy: lefs diftant, as two to one; the weight which is 
_ saifed by the former, will be to the weight raifed re 
- hs the 
if} 


he 
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Lect. the latter, as two, to two and a half; that is, the 


Ill. 


weights raifed, will be as the products arifing from 


ty the multiplication of the quantity of matter in one 


Exp. 9. 


body, into the fquare of the other body’s diftance. 
Among the feveral laws of central forces, that 
which obtains in nature, and by vertue whereof the 
heavenly bodies are made to revolve in their feve- 
ral orbits, is, where the forces are to one another 


_inverfly as the fquares of the diftances of the revolv- 


ing bodies from the center. For it has been found 
by obfervation, that all the planets, as well primary 
as fecondary, revolve either in circular orbits, or fuch. 
as are nearly fo. And that the fix primary planets 
move about the fun as their center, in fuch a man- 
ner, as that the cubes of their mean diftances from 


the fun are very nearly proportional to the fquares 


of their periodical times. And the fame thing has 
been difcovered, with regard to the four fecondary 
planets or fatellites that move about Juprrer, as 
alfo. with refpect to the other five that revolve about 
Saturn. And therefore the forces whereby they 


- are retained in their orbits, muft be in the inverfe 


ratio ef the fquares of their diftances from the cen- 
tral bodies about which they revolve. | 

If two bodies are, by means of their mutual at- 
traction, made to revolve about each other, and alfo 
about a fixed point ; and if their diftances from that 
fixed point be reciprocally proportional to their 
quantities of matter, that 1s to fay, if as much as 
one body exceeds the other in quantity of matter, 
fo much is it’s diftance from the fixed point exceeded 


‘by the others diftance from the fame point; or what 


amounts to the fame-thing, if the produét, arifing _ 
from the multiplication of one body-into it’s diftance 
from the fixed point, be equal to the product arifing — 


from the like multiplication of the other body into 


it’s diftance from the fixed point, their central 
forces are equal. For as the two bodies muft of ne+ 
ceffity perform their revolutions in the fame times 

| the 
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the number of their revolutions in 4 given time is Le cr. 
given: and therefore by the fourth general ex- II. 
preffion F is as QD, that is, the central force is a8 —yoan= 
the product arifing from the multiplication of the 
quantity of matter into the diftance from the cen- 

‘ter, or fixed point ; but by fuppofition the product 
of one of the bodies into it’s diftance from the fixed 
point, is equal to the product of the other into it’s 
diftance, confequently, their central forces are e- 
qual; for which reafon neither of them can fly off 
from the fixed point, fo as to draw the other after 
it; for however ftrongly either of them endeavours 
to recede, by vertue of it’s own centrifugal force, it — 
is with equal ftrength drawn the contrary way by the 
centrifugal force of the other. But if the diftances 
of the bodies from the fixed point be not reciprocal- 
ly proportional to their quantities of matter; that 
body, whofe diftance, with regard to the diftance of 
the other, is greater than in the forementioned pro- 
ortion, will fly off and draw the other after it: 
fu in this cafe, the product of the former body into 
it’s diftance from the fixed point is greater than the 
product of the latter into it’s diftance s which pro- 
_ duéts being as the centrifugal forces of the bodies, 
the former body will have a greater centrifugal force 
than the latter, and of courfe muft recede from the 
fixed point, and drag the other after it; all which 
is fully confirmed by the following experiments. Let Exp. 10. 
two equal balls be tied together by a fmall chord ; 
and let them be laid in one and the fame trough, 
one at each end, foas that the chord being ftretched 
may have it’s middle point juft over the center of 
the table ; let then the table be turned about, and 
the balls will revolve about the center without fly- 
ing off either way; and continue fo to do as long 
‘as the motion of the table lafteth. And the fame 
thing will likewife happen though one ball be dou- 
ble the other, ‘provided it’s diftance from the centet 
of the table be but one half of the diftance of the 
b {maller wT 
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-° - fmaller. . But when equal balls are made ufe of, if’ - 
one of them be placed at a greater diftance. from 
the center than the other, upon turning the table 
it will fly off and draw the other after it. So like- 
wife when unequal balls are made ufe of, fhould. 
that which is double the other be placed ata dif- 
tance from the center greater than one half of the 
. diftance of the {maller, it will fly off and draw the 
{maller after it. And on the other hand, if the 
diftance of the larger be lefs than half the diftance 

of the {maller, the fmaller will in that cafe fly off 
and draw the larger after it. rT a a 


LECTURE 
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Morton. 
Lect. PPAHE fecond raw or nature, refulting from 
Vs the inertnefs of matter, is; that whatever 


t—--—/ motion, or change of motion, is produced in any 
body, it muft be proportional to, and in the direéti- 
on of, the force impreffed. For fince a body cannot, 
by reafon of it’s inactivity, contribute to the pro- 
duction of it’s own motion, or of any change there- 
in, it is plain, that whatever motion or change of 

' motion is generated in any body, it muft intirely 
- proceed from the force impreffed on the body; and: 
of confequence, fince effects are ever proportionate. 
to their adequate caufes, muft be proportional there- 
to.. And it muft likewife be directed and deter- 
mined towards the fame part with the generating 
force. Wherefore if the body whereon the impref- 
fion is made, was in motion before the impulfe, 
that: motion will be retarded or accelerated accord- ' 
ing as the force imprefled oppofes it, or confpires 
therewith, or if it aéts obliquely to the fame, the 
» dire€tion thereof will be changed, and the body 
* gesfl wi 
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will move in a direétion fituated between the direc- Lz c rT. 
tion of it’s former motion, and that of the impref- IV. 
fed force. For inftance, .if a body moving frem “~v—~ 
A towards*B, be impelled at the point A by a force oe ee 
acting in the direction A C, it will move along a aie a 
line as A D placed between A B and A C, the fi- 
tuation of which may be thus determined. Let 

the line A B denote the velocity wherewith the bo- 
dy moves in the dire€tion AB; and_let AC de- 
note the velocity wherewith the body would move 
by vertue of the impulfe along the line A C, fup- 
pofing it had no other motion: that is, let A B be 
to AC as the fpace defcribed by the body ina 
" given time in the direétion AB, to the {pace de- 
{cribed by it in the direétion A C, each of the mo- 
tions being confidered fingly and apart 5 then com-" 
pleting the parallelogram A BDC, and drawing 
the diagonal A D, that diagonal is the line in which 
the body moves ; for the proof of which, let us 
fuppofe a {mall inflexible wire equal in length to the 
line A B, to pafs through the center of a ball, and 
that whilft the-ball moves uniformly on_ the wire 
from A towards B, with a velocity whichis as A B, 
- the wire is alfo moved uniformly from A B towards 
“CD, with a velocity which is as AC, and in fuch 
a manner as to be always parallel to A B, ‘and 
with it’s extremities to defcribe the lines A.C and 
BD. ‘Then, forafmuch as the {paces defcribed in 
a given time, where the motions are uniform, are 
to one another as the velocities of the motions; it 
is evident, that in whatever time the ball moves the 
length of the wire, in the fame time will the wire 
move the length of AC, to wit from AB to CD; 
 confequently, at the end of that time the ball will 

be found in D, at the extreme point of the dia- 
gonal AD. From any point in the diagonal taken 
at pleafure as E, let the line E F be drawn parallel 

to) B, and from the nature of fimilar triangles, 
‘AE will beto FE, as A Bto BD, that is, asthe 

Ss | velocity 
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velocity of the ball to the velocity of the wire; 


confequently, in the fame time that the ball moves 
the length of A F. along the wire, the wire will 


move the length of F E, fom ABtoK L; and 


the point F, which 1s the place of the ball on the 
wire, will be found in E. And what has been 
thus proved, in relation to the two points D and 
E.,of the diagonal, may in the very fame manner 
be détionftrated of any other point in the fame 
line; wherefore the ball will, by vertue of it’s own 
motion, and that of the wire, whereof it partakes, 


~be carried.in fuch a manner as to be always found 


it’s compound motion, defcribe the diagonal line. — 


die ball reft over one angle of a wooden fquare ; 


in the diagonal AD; that is, it will, by vertue of 


This being fo, it plainly follows, that if the wire 
be taken away, and the ball at A have two motions 
impreffed upon it at once; one in the direétion 


A B, the other in the direction AC; and if the 


motions imprefled, or, which is the fame thing, © 


if the forces impreffing thofe motions be to one 


another in the proportion of AB to AC, the ball — 


will, by vertue'of the double impreffion, move 
along the diagonal AD. For as to the effect it 
matters not whether the motion which the ball has 
in the direction AC arifes from a force impreffed 
on it at the point A, or whether it be communi- 
cated by a wire fupporting the ball, and carrying 
it along with it in that direction. | 

To confirm this by an experiment, let three ivo- 
ry balls of equal fize be fufpended from three 
pins, by ftrings of equal lengths, and let the mid- 


—_ 


then let each of the extreme balls be let fall fepa- 


rately from the fame height, in fuch manner as to 
ftrike the middle ball in the direction of one fide 


of the fquare, and the middle ball will, by each of 


the ftrokes made feparately, be moved along over 


that fide of the fquare, which correfpondeth to 


the direction of the ftreke; but if the two 4 
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be at the fame inftant of time let fall from equal Le cr. 
heights,’ fo as that they may ftrike the middle IV. 
ball at once, and in the. direétions of the two te—y—ad 
{ides of the fquare, the middle ball will, by the 
double ftroke, be driven over the sdiagonal of the 
{quare. 7 | | 
As a coroLiary it follows, that: a body will 
in the fame time defcribe the diagonal A D of a 
parallelogram with two forces conjoined, that are 
‘to one another as the fides A B and A Ciythat-rit 
would the refpective fides with each of thofe forces 
feparately. As alfo, that the velocity wherewith a 
body moves along the diagonal, 1s to the velocity 
"wherewith it is carried along the fides, when acted 
upon by each force fingly, as the diagonal to each 
fide refpectively : confequently, if the two forces 
be given, the velocity along the diagonal, which 
arifes from the conjunction of both forces, will be 
fo much the greater, by how much the angle BAC 
- 4s lefs ; for as that angle is diminifhed, the diagonal, 
which in this cafe denotes the velocity, is lengthened, 
till at laft the angle vanifhing by the coincidence of 
the fides, the diagonal becomes equal to both the. 
fides taken together; and the velocity of the body 
" equal to the fum of the velocities wherewith the 
body would move, were each of thofe forcesim- 
prefied upon it in the {ame direction. Thus the Pl. 2._ 
lines AB and AC being placed at three different Fig. 20 
angles, fo as to conftitute the fides of three different 
parallelograms, (the diagonals whereof are repre- 
fented by the pricked lines) it is evident to fight, that 
as the angle B AC grows lefs, the diagonal grows 
longer; and that when the angle vanifhes by the 
coincidence of A B with A C, the diagonal A D pi. 2. 
becomes equal to A C and CD, thatis, to AC and Fig. 3- 
AB; and the velocity denoted by A D, is in that 
‘cafe a maximum, or the greateft that can arife from 
the conjunction.of thofe two forces. On the other 
hand, as the angle inlarges, the velocity along the 
ie diagonal 
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Le cr. diagonal muft decreafe, till at length the angle va- 


“IV. 


_nifhing by the two fides becoming one right line, 


——~ the velocity becomes equal to the difference of the 


Fis‘; 
Fig. 4. 


Pl. 2. 
Fig. 5. 


velocities, arifing from the impreffion of each force 
when made fingly and feparately. Thus the lines 
A Band A C being as before placed at three diffe- 
rent angles BA C, it is evident that the diagonals 
A.D reprefented by the pricked lines, grow fhorter 
as the angle BAC inlarges; till at laft the angle, 
and with it the diagonal vanifhing, the two fides 
BA and AC conftitute one right line, as B AC; 
wherein the body is, as it were, carried two con- 
trary ways, to wit, from A towards B, by the force | 
which acts in the direction A B, and from A to- 

wards C, by the force acting in the direction AC; — 
and the difference of the velocities, which arife 


_ from the impreffions of the'two forces when they | 


Pi. 
Uo st 6. 


act feparately, is the velocity wherewith the body 
actually moves in the direction of the ftronger 
force; which velocity is a minimum, or the leaft ve- 
locity that can arife from the joint aCtion of thofe 
two forces. 3 | 

As a fecond corotiary it follows, that a body . 
may be moved through one and the fame line by 
numberlefs pairs of forces acting upon it. For if - 
inftead of the force, whofe direétion is A B, we fup- 
pofe another, the direction whereof is A E; and if 
inftead of the force acting in the dire€tion AC, we 
fuppofe one to act in the direction A FY, and that: 


thofe forces are to one another as AE to AF; 
- then completing the parallelogram AE D F, the 


line A D will be the diagonal of this parallelogram, 
as well as of the former; and therefore the body 
will from the joint action of thefe two forces de- 
{cribe the fame line A D which it did before: and _ 
as AD may be made the diagonal of numberlefs | 
parallelograms, it is evident that it may be de- 
{cribed by a body acted upon by numberlefs pairs. - 
of forces in different directions. And not wa 
7 . | ut 
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but it may likewife be defcribed by a body, where- Li cr. 
on a great number of forces act at the fame time; IV. 
for as the forces acting upon the body in the directions -~-—~ 
A Band A C make it to move along the diagonal 
AD, fo may the direétion along A B arife from 
the directions of two other forces, and each of 
thofe from the directions of two others, and fo on 
withouc number. Hence we fee, that all forces. 
and motions whatever may be refolved into innu- 
merable forces and motions; and any fimple direct 
force or motion may be looked uponas compound- 
ed of innumerable oblique forces or motions. For PI. 2. 
the line and direction of the motion is the fame, Fig. 6. 
whether that motion be compounded of two moti- 
ons arifing from forces impreffed .in the directions 
A B,A Cyor in the directions AE, AF, or arife from 
the impreffion of a fingle force in the direction A D ; 
and therefore the motion along the line A D,though 
it be fimple arifing from one fingle force acting in that 
direction ; yet may it be confidered as compounded 
of two or more motions in other directions, fuch as 
AB and AC, or AE and AF, fince the very fame 
motion would arife from fuch a compofition. 

This compofition and refolution of motions and 
forces is of fingular ufe in mechanics ; for by the 
help thereof, the effects of powers acting in oblique 
dire€tions are readily determined, as will appear 
hereafter. . | 

The third Law oF NATURE arifing from the 
inertnefs of matter is, that reaction is always equal 
-to action, and contrary thereto; or in other words, 
that the actions of two bodies, one upon another, 
are conftantly equal, and in directions contrary to 
each other; fo that whatever change is made in the 
-ftate of one body, whether at reft or in motion, by 
the action of another ; the fame change is produ- 
ced in the ftate of the other by the reaétion of the 
former ; but the tendencies or directions of thofe 
changes are contrary ways. eee when one prefies 


° a ftone 


af 
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Lect. a ftone with his finger direétly downward, the fin- 


Il. 


ger is equally preffed by the ftone, and that directly 


way upward. And when a horfe draws a load, he is 


equally drawn back by the load; for as much as 
he promotes the progrefs of the load, fo much is 
he retarded in his own motion ; that is, he is in ef- 
fect drawn back ; for the fame force of mufcles and 


finews, which he exerts in order to drag on the 


load, would if he was freed from the incumbrance, 
carry him forward to a diftance much greater than 
what he reaches in the fame time whilft tied to the 
load ; and confequently, as far as his progrefs fal- 
leth fhort of that diftance, fo much is he in effect 
g@rawn back; and whatever motion he communi- 
cates to the load, fo much does he lofe of his own, 


_ the load reacting upon him with the fame force 


that he a€ts uponit; for which reafon, if by addi- 
tion. of weight the load be fo far increafed as to re- 


quire the whole ftrength of the horfe to move it, 


no. motion will enfue, the whole power of the 


Exp, 12, 


horfe wherewith he endeavours to go forward, be- 
ing but juft equal tothe reaction of the load where- 
by he is drawn back. This equality of action and 
reaction obtains in all kinds of attraétions whatever. 
When a loadftone attracts a piece of iron, it Is e- 
qually attracted by it; as will appear from the fol- 
lowing experiment. Let a piece of iron and a 
Joadftone equal in weight, be fufpended by two cords 
of an. equal length, and let the diftance between 
them be fo {mall, as that they may not be out of 
the reach of each other’s attraction; then will th 
from a ftate of reft, begin to move towards jan # 
other, and that with equal velocities, foas to meet 
at the middle point of their firft diftance if they 
be again feparated, and the loadftone fixed, the 
tron being fufpended at the fame diftance from it 
as before, will move towards it, fo as at length to 


. touch it and adhere thereto. And on the other 


hand, if the iron be fixed, and the ftone move 
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the ftone will approach the iron inthe fammeman+ Linc #s. 
ner; as the iron did the ftone ; all which plainly. IV... 
fhews, that the attraction between the loadftone and: toys 
iron is mutual, the one drawing the other as mucly 
as itis drawn by it; fo that the reaction of theiroty 
upon the ftone is exactly-equal to the aétion of the 
ftone upon the iron. | sk Boi nwiy 

The equality of aétion and reaction, with refpe& 
to attractions, is likewife manifeft from hence, 
that if a man placed in a boat, draws another boat 
by means of a rope faftened thereto; the boat 
wherein the man is placed will be equally drawn 
with the other, and the two boats will approach 
one another with equal quantities of motion; fo 

that if they be equal in weight, and of the fame fize 

and fhape, they will approach with equal velocities, 

and meet at the middle point : butif one be heavier 

than the other, than by how much it exceeds the 

other in weight, by fo much will it be exceeded by 

the other in the velocity of it’s motion 3 for inftance, 

if the weight of one be to the weight of the other 

as one to two, then will the velocity of the former 

be to the velocity of the latter as two to one ; that 
is, their velocities will be reciprocally propor- 
“tional to their weights. Toconfirm this by an ex- Exp. 13. 
periment, let a cord be made faft to one end ofa 

{mall boat, and let it pafs over a pulley fixed to 
the end of another fmall boat of the fame fhape 
‘and fize, and let a weight be tied to the end of the 
cord, and hang in the water; this being done; 
Jet the boats be placed at fuch a diftance as that the 
cord may be {tretched, then letting go the boats 
the weight will defcend,'and in defcending draw 
the boat to whofe end-the cord is faftened towards 
the other, and at the fame time the other will move 
towardsit ; and when they come together, the fpace 
defcribed by the boat whofe weight is ‘as one, will 
be to the {pace -deferibed by the boat the weight 
whereof is as two, as two to one; that is, if the 

E 2 diftance 
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Lect. diftance between the two boats be divided into three 
IV. equal parts, that boat which is double in weight to 
tamyaet the other, will move through one of thofe parts in 
the fame time that the lighter moves through the 
other two. ‘ 

_ As action and reaction are equal with regard to 
attractions, fo are they likewife in refpect of ftrokes 
or impulfes made by bodies one upon another ; the 
force of two bodies, ftriking each other equally, 
affecting the motions of both, and producing equal 
changes therein towards contrary parts. On 

this equality of action and reaction do the feveral 
laws which have been collected concerning the col- 
lifion of folid. bodies in a great meafure depend ; 
which laws, as they relate to. bodies void of elafti- 
‘city, I fhall now explain; in doing of which, I 
fhall lay down one general propos! TioNn concern- 
ing the collifion of fuch bodies, whence I fhall de-. 
- duce the laws of particular cafes, and at the fame 
time confirm each law by an experiment. © 
The proposition is as follows: Jf two bodies 
void of elafticity move in one right line, either the fame 
or contrary ways, fo as that one body may firike di- 
recily againft the other; let the fum of their motions 
before the flroke when they move the fame way, and 
the difference of their motions when they move contrary 
ways, be divided into two fuch parts as are propor- 
tional to the quantities of matter in the bodies, and 
each of thofe parts will refpectively exbibit the motion of 
each body after the firoke. For inftance, if the quan- 
tities of matter in the bodies be as two and’ one, 
and their motions before the ftroke as five and four, 
then the fum of their motions is nine, and the diffe- 
rence is one; and therefore when they move the 
fame way, the motion of that body, which» is as _ 
two, will after the ftroke be fix, and the motion 
of the other three : but if they move contrary ways, © 
the motion of the greater body after the ftroke will 
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be two thirds of one, and of the leffer one third Lecr. 
of one. V. 
_ For fince the bodies. are fuppofed to be void of -~-—~ 
elafticity, they will not feparate after the ftroke, but 
move together with one and the fame velocity ; and 
of confequence, their motions will be proportional 
to their quantities of matter ; and from the equali- 
ty of.adtion and reaction it follows, thatno moti- 
on is either loft or acquired by the ftroke when the 
bodies move the fame way, becaufe whatever mo- 
tion one body imparts to the other, fo much muft 
it lofe of it’s own; confequently, the fum of their 
motions before the ftroke, is neither increafed nor 
_ diminifhed by the ftroke, butis fo divided between 
the bodies, as that they may move together with 
one common velocity, that is, it is divided between 
the bodies in proportion totheir quantities of matter; 
but it is otherwife, where the bodies move contrary 
ways; for then the fmaller motion will be deftroyed 
by the ftroke,as alfo an equal quantity of the great- 
tet motion, becaufe action and reaction are equal ; 
and the bodies after the ftroke will move together 
equally fwift, with the difference only of their mo- 
tions before the ftroke ; confequently, that diffe- 
rence is by means of the ftroke divided between 
them in proportion to their quantities of matter. 
The feveral particular cafes concerning the colli- 
fion of bodies, may be reduced to four general ones. 
For, 1ft, it may be that one body only is in mo- 
tion at the time of the ftroke, Or, 2dly, they 
may both move one and the fame way. Or, 3dly, 
they may move in direét oppofition to each other, 
and that with equal quantities of motion. Or, 
laftly, they may be carried with unequal motions 
in dire€tions contrary to each other, As the bodies 
may be either equal or unequal, each of thefe four 
general cafes may be looked upon as confifting of 
two branches; and as fuch I fhall confider them, 
Tet 3 and 
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and treat of them in the order, wherein I have laid 
them down. | ~ ok I 


boned As to the firft, if a body in motion ftrikes ano- 


Exp, 14, 


ther equal body at reft, they will by the propofi- 
tion move together, each of them with one half of 
the motion that the body had which was in motion 
before the ftroke ; and fince the quantity of moti- 
on in any body, is as the product arifing from the 
multiplication of it’s quantity of matter into it’s ve 
locity ; the common ‘velocity of the two bodies 
will be but one half of the'velocity of the moving’ 
body ‘before the: ftroke. For the confirmation 
whereof, let two equal balls of clay be fufpended 
from two pins of an equal height, by threads of an’ 
equal Jength, and in fuch. a manner as that «when 
they hang freely they: may juft touch one’ another, 
and that their centres and point of contaét may lye 
in a right line parallel tothe horizon. This being 
done, and one of the balls being ar reft, let the 
other be’ removed to any diftance from it, and then 
let fall ; it willin it’s defcent defcribe the arch of a 
circle, and by the time it arrives ‘at the loweft point 
of the arch, that is, when it comes to touch ‘the’ 
quiefcent ball, it will have acquired fuch a velocity’ 
as would carry it to the fame height from whichit 
fell, as fhall’be fhewn when T come to treat of pen- 
dulums ; and confequently, if the other ball’ was 
removed, would actually afcend to that height; but 
upon ftriking the other ball which is of equal fize, 
jt will communicate one half of it’s motton to it, 
and they will move together with half the velocity’ 
that the moving body had at the timé of the 
ftroke, fo as to afcend to one half‘ only of the’ 
height from which the ftriking body fell. Niet 
“’Vhat the nature of thisand the other experiments’ 
relating to the collifion of bodies, may'be more rea’ 
dily comprehended ; T fhall lay down’ fome things: 
concerning the motian ofbodiesthrough thearchesof’ — 
Dig < ag | circles, 
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circles, the truth whereof fhall be demonftratedin Lzer. 
my leéture upon pendulums. And Firft, all the IV. 
arches of a circle, provided they be not large,.are haya 
defcribed in equal times by bodies defcending along 
them; and therefore if two bodies be let fall at the py, .. 
fame time, one from C and the other from F,. or Fig. 7. 
from D and. F, they will both arrive at the loweft 
point B at one and the fame time; and the ftroke 
of the fubfequent body upon the preceding will be 
made at B: and for the fame reafon if one be.tet 
fall from C, and the other from’D or I, or .one 
from E, and the other from D or F, they will meet 
and ftrike one another at B. 
 adly, The velocity which a body acquires in 
falling through the arch ofa circle, is as the chord of 
the arch; that is, the velocity of a body which has 
fallen from C to B, is to the velocity of a body 
that has fallen from Eto B, as the chord CB to the 
chord EB. And here I mutt obferve to you, that 
when in the following experiments I {peak of a be- 
dy falling from, or rifing to any height,. as four, 
fix, or ten inches, I would be underftood to mean — 
it of a body’s falling through or moving up an arch, 
whofe chord is of fuch alength... | 
 3dly, The velocity wherewith a body begins to 
rife up through the arch of a circle, is as the chord of 
the arch which the body defcribes in. it’s afcent. 

Thus the velocity wherewith a body begins to move 
from the point B towards D,, if it afcends as. high - 
as D, is as the chord BD,; but if it rifes only to F, 
the velocity is as the chord B F. So that in the ex- 
periments the chordsof the arches through which the 
bodies defcend, exprefs the velocities of the bodies 
in the pomt B at the time ofthe ftroke;, and the 
chords of the arches through which the bodies a- 
{eend after the ftroke exprefs the velocities of the 
bodies immediately after the ftroke., . © | 
-Thefe things being laid down, I fhall now pro- 
ceed to determine the lawsof the four general cafes. 
. : ec Sah (AS 
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Lect. As to the firft, it has been already fhewn, that 


IV. 


where the moving body is equal to the quiefcent, 


_&-v—— the common: velocity of the two bodies after the 


Exp. 15, 


{troke, is but one half of the velocity of the mo- 
ving body before the ftroke ; and of confequence, 
the motion of each body after the ftroke, is equal. 
to one half of what the moving body had before 


the ftroke. But if the quiefcent body differs in 


fize from the moving body, then the common ve- 
locity after the ftroke will be fo much lefs than the 


velocity of the moving body before the ftroke, by 


how much the fum of the two bodiés exceeds the 
body which was firft in motion. Thus, if the mo- 


ving body be to the quiefcent as two to one, ‘the 


common velocity after the ftroke will be to the ve- 


Jocity of the moving body before the ftroke, as 


two to three ; wheréfore if a ball of clay, falling 
from the height of nine inches, ftrikes another at 
reft, and of one half the magnitude, they will 
afcend together, to the’height of fix inches only : 
and on the other hand, if the larger be quiefcent, 
and the fmaller falls from the height of nine inches, 
they will afcend to the height of three inches only ; 
and the quantity of motion'in each body immediate- 
ly after the ftroke will be bad, by multiplying each 
of them into the common velocity. | — | 
As to this and all other experiments of this na- . 
ture, it muft be obferved, that they do in fome 
meafure vary from the theory, and that for two 
reafons. Firft, becaufe clay or any other body, | 
wherewith thefe experiments can be made, is not 
perfectly void of elafticity. Secondly, becaufe the 
air refifts the motions of the balls, and by fo doing 
diminifhes their velocities. Lo se cagps : 
' As to the fecond general cafe, where both the 
bodies are in motion before the ftroke, and move one - 
and the fame way. In order to find their common ~ 
velocity after the ftroke, let the fum of their motions — 
before the ftroke be divided by the fum of the bo- — 
| 3 £5 dies, — 
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dies, and the quotient will exprefs the common ve- Lx ct. 
locity. Wherefore, if two equal balls of clay be IV. 
let fall at the fame time, one from the height of wr 
three inches, and the other from the height of fix, Exp. 16. 
after the ftroke they will afcend to the height of four 
inches and an half; for as in this cafe the bodies are 
equal, their motions are as their velocities, that is, 
as fix, and three, the fum of which being divided 
by two, the fum of the bodies gives four and an 
half for the common velocity after the ftroke. ~ 

Where the bodies are unequal, let us fuppofe the Exp. 17. 
preceding body to be as one, and to fall from the 
height of three inches as before, fo that it’s quantity 
of motion will be as three; and let the fubfequent bo- 
dy be as two, and fall from the height of fix inches, 
{o that it’s quantity of motion will be twelve ; and 
the fum of the two motions will be fifteen, which 
being divided by three, the fum of the two 
bodies gives five in the quotient ; fo that in this cafe, 
after the ftroke the balls will afcend to the height 
of five inches, and the motion of the greater will 
be as ten, and that of the fmaller as five. | 
As to the third general cafe, where the bodies 
move in direct oppofition to each other, if they 
have equal quantities of motion, they will upon 
the ftroke lofe all their motion, and continue at 
_reft ; for by the propofition, the bodies after the 
ftroke will be carried with the difference of their 
motions before the ftroke ; which difference is fup- 
pofed to be nothing. Wherefore, if two equal Exp. 18. 
balls of clay be let fall at once from equal heights, 
upon the ftroke they will ceafe to move; and the 
{fame thing will happen where the balls are unequal, 
_ provided the heights from which they fall are reci- 
coment proportional to their quantities of matter ; 
for inftance, if the balls be as one and two, let the Exp. 19. 
~ former fall’ from the height of fix inches, and the 
~ Jatter from the height of three, and upon their meet- 
ing they will ftand ftill, for in this cafe, the quanti- 
aoe ties 
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V2.7. ties of motion, ' wherewith they Pppols each other, | 


IV. 


will be equal. . 


Nd. When two bodies meet with ‘unequal quantities 


Exp. 20, 


Exp. 21. 


of motion, if the, difference of their. motions be 


divided, by the-fim,of the bodies, the quotient. will 
exprefs’ their common velocity after the ftroke ; 
for by the propofition, the difference of their mo- 
tions before the ftroke, is equal to the fum of their 
motions after the ftroke ; confequently, that diffe- 
rence divided. by the fum of the bodies muft give 
the velocity... Wherefore, 1f two, equal, balls of 
clay be let fall at, the fame time, one from. the 
height of three inches, and . the. other from the 
height of fix, after the ftroke they will afcend-to- 
gether to the height: of antinch and anshalf; for — 


fince the balls; are. equal, their motions will be as 


their velocities, that is, as fix and three, the diffe- 
rence whereof isthree, which being divided by two, 
the fum of the bodies gives oneand an half in the 
quotient. If the balls be unequal in. the proporti- 
on; for inftance, of two to one; and if that which 
is as two falls from the height.of fix inches, and the 
other from the height of three; after the ftroke 
they will afcend together to. the height of three 
inches ; for the greater ball being as two, and it’s ve- 
locity as fix, it’s motion is as twelve, whereas the 
fmaller being as one, and it’s velocity as three, it’s 
motion is likewife, as three, which being fubducted 
fromthe greater motion leaves a remainder of nine 3 


. and this being divided by three, the fum of the bo-_ 


dies. gives three, forthe common velocity, or che 
height to which the bodies will rife. 

In order to difcover the quantity of motion com- 
miunicated by one’ body to the other, I hall lay 
down four rules adapted to the four general cafes, 
And: Firft, if one of the bodies be quiefcent at the 
time of the ftroke, let that body be multiplied into 
thecommon velocity after the ftroke,, and the pro- _ 
- will exprefs the communicated motion. Pe 

ince 
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face that body had no motion before the ftroke, it Lzcr. 
g manifeft, that whatever motion it has afterthe IV. 
ftroke, muftbe communicated to it by the ftriking WAN 
body; but that motion js ‘asthe product arifing Bi 
from the multiplication of the'quantity of matter 
in the body into the common velocity, confequent- 
ly, that product expreffes the commitinicated mo- 
rons eC smréwoe ovoortesibod pile as: 

Since the body which is at reft before the f{troke 
hasho ‘motion, but what is imparted to it by the 
ftriking body ; and -fince the motion of the ftriking 
body is by'the propofition to be divided between 
the’ two bodies in proportion’ to: their quantities of 
‘matters: it follows, that’where the ftriking body is 
greater than'the quiefcent, it will communicate lefs 
than half it’s motion, ‘and where it is equal ‘to it, it 
will* impart ‘one half; and where it is lefs, more 
than one half: and if the quiefcent body be infinite- 
ly great with refpeét to the ftriking body, which is 
in effeét the cafe where the quiefcent' body is fixed, 
{ovas not'to give way to the ftroke, the ftriking bo- 
dy will: impart all it’s motion to the other; for as 
the quiefcent body is fuppofed to be infinitely great- 
er than the ftriking body,” the motion, which it 
receives from the’ ftriking body, »muft bear an in- 
finité proportion to the motion remaining in'the © 
pater ‘body’; but'as the motion communicated is 
4 finite quantity, it cannot bear an infinite proporti- 
on to the remaining motion, unlefs that remaining 
motion bé'in it’s evanefeent’ ftate, and reduced ta 
ROMP Riad Hah: tr sadwe od wrvAG? AO! Sern aor 

- When’ both the bodies are in motion before the 
firoke) and their motions are ‘direéted the ‘fame 
way, which was the fecond” general cafe's: the rule . 
for determining the quantity of motion communi- 
catedis ‘as follows! Let the preceding body be 
~ multiplied into the common velocity after the ftroke, 
and from the produé let'the motion which it had 
before the ftroke be fubdudted, and the — 

wh we 3 Wi 
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Lect. will be the motion communicated. For the iia 
IV. arifing from the multiplication | of the preceding 
\wy~™ body into the common velocitysgives the whole mo- 
tion of that body after the {troke, and therefore, 
if from thence be taken the motion which. it had 
before and independent of the, ftroke, the remain- 
der mutt be the motion acquired by the. ftroke, 
When the bodies move towards one another with, 
equal quantities of motion, as in the third, general 
cafe ; the motion communicated is equal to the mo-. 
tion of either, before the ftroke.,.- For as in. this, 
cafe, both their motionsare deftroyed by the flroke; 
it is plain, that .which, ever of the bodies is confi- 
dered as giving the ftroke (and either of them may). 
it muft communicate juft as much motion to the - 
- other, as the other has at the time of the ftroke 5 
for by this means the motion, communicated, as it 
is directly oppofed to the former motion of the bo- 
dy, will be juft fufficient to deftroy: the fame, and 
by fo doing caufe the body to reft. 
. When the quantities of motion in two bodies 5 mo- 
ving direétly towards each other are unequal, which 
is the fourth general cafe; the motion communica- 
ted is determined by the following: rule, Let the 
body which had the leffer motion before the ftroke 
be multiplied into the common velocity after the 
ftroke,and to the product let the motion which it had 
before the ftroke, be added, and the fum will be the 
motioncommunicated. For.as the body, to which the. 
motion is communicated, does after the ftroke move 
in a direction contrary to what it did before, it is 
‘evident, that befides the motion, wherewith it js car- 
ried in that contrary direction, it muft have received 
as much more in the fame direction, as was fufficient 
to withftand the motion it had before the ftroke in 
an oppofite direction ; for till that motion was de-, 
ftroyed by an equal motion oppofed thereto, the. 
body could not: ange pi it’s | SneeOns and move — 


backward, 
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LEC T URE V., 
Or THE Cottision oF Erasticx Boprgs. 


AV.ING given you an account of the colli- [.p ot. 
H fion of bodies void of elafticity, [come now J. 
to confider the effects thereof in fuch as are elaftick 5 Womans 
by which I mean bodies that confift of fuch parts 
as yield and give way when preffed, and which re- 
ftore themfelves upon the removal of the preffure: 
if the force wherewith they reftore themfelves be 
exactly equal to the preffure whereby they are bent 
inward, then are the bodies faid to be perfectly elaf- 
tick; and fuch are all thofe bodies fuppofed to be, 
wherewith experiments are ufually made for con- 
firming the theory relating to the collifion of elaf- 
tick bodies ; but as there is not perhaps in nature 
any body perfectly elaftick, if among the experi- 
ments that are now to be made, any thall be found 
to vary alittle from the theory, fuch variation muft 
be looked uponias arifing rather from the want of 
perfect elafticity in the bodies, than from any error 
an the theory it felf, or in the calculations grounded 
thereon. 

The method which I fhal! obferve in treating of 
the percuffion of elaftick bodies is this; Firft, to 
day down one general propofition concerning fuch 
percuflion, and then, Secondly, to deduce the laws 
relating to the four general cafes mentioned in my 
daft lecture, and to confirm each of thofe laws b 
experiments. | aad 
- | Before I lay down the propofition, I muft obferve 
‘to you, that wherever I ‘mention the ftriking body 

I thereby mean that body which is in motion where 
sone of the two 1s quiefcent, as alfo that body which 
moves {wifteft when they both move the fame way, 

wi laftly, that body which has the greateft quanti- 
3 
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Lec tT. ty of motion, when they move in oppofition to one 
V. another, or in this cafe, if their. motions be equal, 

wey~ then either of them may be taken indifferently for 
the ftriking body. | Paste 
This being premifed, the Proposirion is as 
follows. | | 
. Af of two bodies perfettly elaftick, one belat refty and 
the other in motions or if they both move either the 
fame or contrary ways, fo as that one foall firike the 
other ; let them be confidered as void of elafticity, and 
by the propofition laid down in my laft letiure, let the 
motion of each body after the ftroke be found, and by 
one of the four rules laid down in: the fame lecture, let 
tbe motion communicated by the ftriking body to the 
other be hkewife found, and let this motion be fub- - 
_ dutied from the motion of the ftriking body after the 
Stroke, and added to that of the body which received 
the firoke, and the refidue will be the motion of the 
Striking body, and the fum the motion of the other body 

after reflection. For, fince the bodies are fuppofed to 
be perfectly elaftick, their parts which are bent in 
by the ftroke will reftore themfelves with a force. 
a equal to that which bends them in, but the force’ 
which bends them in, is meafured by the quantity 
of motion communicated by the ftriking body to. 

the other, and therefore the parts of each body 
which are bent inward will reftore themfelves. with 

fuch a force, as is fufficient -to generate a mo- 

tion equal to that which is communicated, confe- 
quently, the bodies will by virtue of their elafti- 
city throw one another contrary ways, each with a 
quantity of motion equal to that which the ftriking 

body communicates to the other ; for which reafon, 

if that motion be fubducted from the motion re- 
-Maining in the ftriking body after the ftroke, as 
being contrary thereto, and added to the motion — 
of the other body after the ftroke, as confpiring, — 
therewith, the: refidue: and fum will- give the true — 
motions of the bodies after reflection. ht a : 9 
o) 
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To apply what has been faid to the four general Lzert 

cafes, the firft whereof is where one of the bodies TV. 
is at reft at the time of the ftroke. Ifa body per- way-~w 
fectly elaftick ftrikes another of the fame kind and 

of equal magnitude at reft, the ftriking body will 
communicate all it’s motion to the other and remain 

at reft ; for by the firft of the four rules laid down 

in my laft lecture, the ftriking body will, upon the 

ftroke, communicate half it’s motion, and by the 
propofition now laid down, a quantity of motion 

equal to that which is communicated, mutt be fub- 

ducted from the motion remaining in the ftriking 

body, and be added to the motion-of the body 
which receives the ftroke, by which means the 
ftriking body will have no motion left; but the 

other body will have a quantity of motion equal to 

what the ftriking body had before the fhock. For 

the confirmation of which, let two-equal ivory balls Exp. 1. 
be fufpended as were thofe of clay ; and let one of 

the balls fall from any height, and fo as to ftrike 

the other at reft, the ball which receives the ftreke 

will afcend to the fame height from which the othe 

fell, and will leave the other at reft. 

If inftead of one there be two, three, or more Exp. 3- 

-quiefcent balls contiguous to.one another,that which 
is fartheit removed from the, ftriking ball will fly 
off with the velocity of the ftriking ball, and all 
“the intermediate balls together with the ftriking 
ball will quiefce ; for as the ftriking ball imparts all 
it’s motion to the firft of the quiefcent balls, fo does 
that in like manner to the ball which lies next be- 
yond it, and that again to a third, and fo on ; till 
at length the laft ball meeting with none other to re- 
fift it, flies off with all the motion of the ftriking 
ball, leaving that and the intermediate ones at 
a If two bails be let fall together contiguous to one 
“@mother, upon the ftroke the two farthett will fly 
off, leaving the others at reft ;. for.as ses 


Exp. 3- 
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of the two moving balls is carried equally fwift with. 
the fubfequent, it cannot during it’s motion receive 
any impreffion from the fubfequent ball; confe- 
quently, when it makes the ftroke, it will produce 


the fame effect in the quiefcent balls as if the fubfe- _ 


quent ball was away ; that is, it will by means of 
the intermediate balls communicate all it’s motion to 
the laft, and make that fly off; but no fooner has 
it made the ftroke, and thereby parted with it’s own 
motion, but the fubfequent ball impells it, and im- 
parts to it all it’s motion, and this motion being 
propagated through the feveral intermediate balls as 
before, makes the laft but one to fly off, and that 


in fuch a manner as to keep pace with, and clofely* 
purfue the other; becaufe in the fame inftant of — 


_ time that the foremoft of the two moving balls 


makes it’s ftroke, it likewife receives the ftroke from 
the hindmoft ball, and of confequence, the flying 
off of the two laft balls, which is the effect of the 


double ftroke, muft happen at one and the fame 
time. | 


Exp. 4. 


Exp. s. 


For the fame reafon that two balls fly off where 
the number of ftriking balls is two, three will fly off 
when there are three ftriking balls, and four, where 
there are four, and fo on whatever be the number 
of ftriking balls, an equal number will conftantly 
BO OFF (ine ey | 

If two elaftick balls be unequal, for inftance, if 
one be double the other, and if the greater be let fall 
from the height of nine inches, and ftrike the 
{maller at reft; they will both move forward after 
the ftroke, the ftriking body with one third of the 
motion which it had before the ftroke, and the other 
with two thirds; and the ftriking body will afcend 
to the height of three inches, and the other to the 
height of twelve. For fince the ftriking body isto 


the quiefcent as two to one, it will by the,firft of — 


of 


the four rules laid down in my laft lecture, commu- 


nicate one third of it’s motion to it, andon account| ‘ 
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of the elafticity a quantity of motion equal to what Lz cr. 
is communicated, muft be taken from the motion V. 
remaining in the ftriking body, and added to the -=~=—~ 
motion of the other; confequently, the ftriking 
body will retain one third only of it’s motion, the 
other two thirds being communicated to the body 
which receives the ftroke ; wherefore fince the ftri- 
king body is as two, and the height from which it 
falls as nine, it’s motion muft be as eighteen, one 
third of which, to wit, fix, it will retain after the 
reflection ; and the other two thirds, to wit, twelve, 
will be the motion of the other body, and thefe mo-. 
tions being divided by the bodies, will give three 
and twelve for the quotients ; which quotients are 
as the velocities of the bodies after reflection, or as 
the heights to which they afcend. | | 
~ On the other hand, if the larger ball be quiefcent, Exp. 6. 
and the fmaller be let fall from the height of nine 
inches, it’s motion will be. as nine, whereof two 
thirds will by the firft of the four rules be commu- 
nicated by the ftroke to the greater, and one third 
only will remain in the ftriking ball, from which 
on account of the elafticity muft be taken as much ; 
as wa’ communicated to the larger ball, that.is, two 
thirds, but upon fubduéting two thirds from one 
third, there will remain one third negative; which 
fhéws, that the ftriking ball will be reflected with 
one third of the motion it had at the time of the 
ftroke, fo as to afcend backward to the height of 
three inches; and the quiefcent ball to which two_ 
‘thirds of the ftriking ball’s motion was communt-_ 
cated by the ftroke, will likewife on‘account of the 
elafticity receive two thirds more, fo as to be carried” 
forward with a motion equal to what the ftniking 
ball had at the time of the ftroke, and one third. 
more ; that is'to fay, with. a motion which is as_ 
twelve, which being divided by two, the quantity” 
of matter in the ball gives fix forthe velocity, or” 
the height to which that ball muft afcend, © ue 
See F From 
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Lect. From what has been faid it follows, that when — 
“V. the quiefcent ball is fmaller than the ftriking ball, 
wy there can be no reflection, becaufe in that cafe thes 
ftriking ball will, by virtue of the ftroke, communi- — 
cate lefs than halfi it’s motion, and the motion which © 
is to be taken from the ftriking ball,.on account of © 
the elafticity, being equal to the motion communi- 
cated, will upon. the fubduction always leave fome 
‘motion in the ftriking ball to carry it forward, con- _ 
fequently, it cannot be reflected, Where the two. 
balls are equal there will be likewife no reflection, 
but the ball which was quiefcent will go forward — 
with all the motion of the ftriking ball, and the 
ftriking ball will become quiefcent ; as is evident — 
from what was faid concerning that cafe. But 
where the ftriking ball is lefs than the quiefcent, ita 
"will be reflected, and there will likewife be an aug- — 
mentation of motion in the greater ball; for the. 
{maller ball muft upon the ftroke communicate — 

- more than half it’s motion to the greater ball, and. 
there mutt likewife, on account of the elatticity, as 
much motion be fubducted from the fmaller ball,and. 
added to the larger, as is Communicated ; where- 
fore, fince two equal quantities of motion, each of — 
which exceeds half of the fmaller ball’s motion, 
are to be fubducted from the {maller ball, and 
given to the Jarger 5 it is plain, that the {maller 
mutt lofe all it's motion and fomething more, that. 
is, it muft be carried backward or reflected ; and 
the greater ball muft go forward with more motion. 
than was in the fmaller at the time of the ftroke,. 
that is, there will be an augmentation of motion; 
and the excefs of motionin the greater ball, abovethe 
motion which the fmaller ball has at the time of the. 
ftroke, is ever equal to the motion wherewith. the 
fmaller ball is reflected after the ftroke, as is evident, 
from what. has been faid. If therefore motion be 
communicated from a fmaller elaftick body to a 
BE by means of feveral intermediate bodies each, 

7 2 ae “larger 
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larger than the other, the motion will be augment- Le cri 
ed in each of them , and the motion of the laft will 
greatly exceed that of the firft ; and this augmenta- 
tion of motion is greateft when the bodies are in a 
geometrical progreffion; for inftance; if there be 
two bodies which are as one and four, and if the 
{maller communicates motion to the larger by means 
of one intermediate body, the motion will be great- 
er in the larger body, if the middle body be as two, 
that is, a geometrical mean between the two; than 
if it be as one and an half, or two and an half, or 
three, or in fhort in any other proportion what- 
ever but that of the geometrical mean. For 
the proof of which, let the leffer body be expref- 
fed by unity, and the larger by the fquare of a, and 
the geometrical mean will be expreffed by a; fo that 
the three bodies taken in their order, from the leaft,. 
will be expreffed by the fymbols in the firft. ftep, 
and the motion produced in the fecond body by the 
ftroke of the firft, will be expreffed by the fecond 
{tep ; and the motion produced in the third by the 
ftroke of the fecond, will be expreffed by the third 
ftep. Again, let another body greater or lefs thana 


be fubftituted in the room thereof, and let the dif 
ference between that body and a becalled x,. in 


this cafe, the bodies will be expreffed by the fym- 
bols in the fourth ftep, and the motion produced in 
the fecond by the ftroke of the firft, will be ex- 
preffed by the fifth ftep; and the motion produced 
in the third by the ftroke of the fecond; will be ex- 
preffed by the fixth ftep; but this fraction of the 
fixth ftep is lefs than that of the third ftep; for if 
from the produét arifing from the multiplication of 
the denominator of this fraction into. the numerator 
of that,be fubftraéted,the product which arifes from 
the multiplication of the numerator of this into the 
denominator of that ; that is, if from the feventh 

| Rar Be ftep 
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Lect. ftep the eighth be fubduéted, there will remain the 
V. quantity which is expreffed in the ninth ftep. 
Ly“ Whence it appears, that the former product 1s 
ereater than the latter; and therefore, by the 2d_ 
Corot. of the 19th Prop. of the 7th book of the 
elements, the numerator of the former fraction 
bears a greater proportion to it’s denominator, than 
that of the latter fra¢tion does to it’s denominator, 
that is, the fraction in the third ftep which exprefles 
the motion of the greateft body when the interme- 
diate one is a geometrical mean, is greater than the 
fraction in the fixth ftep, which expreffes the moti- 
on of the greateft body when the middle body is © 
not a geometrical mean, confequently, the motion — 
ismore augmented when the intermediate body isa ~ 
~ geometrical mean, than when it is greater or lefs in 
any proportion. | 
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To give you an inftance, how prodigioufly mo-_ 
tion may be augmented by being fucceffively com=_ 
miunicated to feveral bodies in a geometrical pro- 

greffion 
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ereflion ;iftwenty elaftick bodies be placed one after Lx cr. 
another, each fucceeding body exceeding the fore- V. — 
going in the proportion of twenty to one; and if ---- 
motion be communicated through the feveral inter- 
mediate bodies from the firft to the laft, it will be fo 
far augmented, as to be two hundred thoufand times 
creater in the laft body than in the firft ; fo that if 
we fuppofe the firft to be a cannon ball, moving 
with the fame velocity wherewith it flies from the 
mouth of a cannon, which from the obfervations of 

‘Mr. Deruam, I fhall fuppofe to be at the rate of 
612 feet in a fecond, though there are pieces of can- 
non which difcharge their balls with double that ve- 
locity, the motion of the laft body will be fo great 
as if applied to the ball would carry it at the rate of 
_above twenty three thoufand miles in one fecond of 
time, which velocity is five thoufand times as great 
_as the velocity of a body revolving about the earth, 
by the force of gravity at a fmall diftance from its 
furface ; for a body fo revolving will not come 
round in Jefs than an hour and twenty four mi- 
nutes. | 

From the increafe of motion in elaftick bodies, a 
reafon may be drawn for the augmentation of found 
_in {peaking trumpets; for as the {peaking trumpet 
is narrowe(t at the mouth-piece, and thence widens 
and enlarges continually to the extremity, the air 
within it, which is anelaftick fluid, as fhall be {hewn 
hereafter, may be confidered as divided into a great 
number of cylindrical bodies, of very fmall but 
equal altitudes, the bafis of the firft being equal ta 
the mouth of the trumpet, and the bafes of the reft 
increafing one above another as they are more and 
more removed from, the mouth; upon which ac- 
count themotion that is imprefled by the force.of 
the voice on the firft. cylindrical body of air, grows, — 
larger. in the fecond, and larger ftill in the third, 
and fo on, till at length at the exit of the tube it 
becomes fo large as to magnify the found to a great 

i “F 3 degree 4 
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Lecr. degree; and of the feveral kinds of trumpets, thofe 


V. 


magnify the found moft, that are of fuch a figure as 


Lay~ arifes from the revolution of the logarithmick curve 


Pl. 2. 
Fig. 8. 


Exp -7t 


= 


about it’s axis; that is, let A G be the logarithmick 
curve, and H Oit’saxis, the figure arifing from the 
revolution of AG about H O, is fuch as a {peaking 
trumpet ought to have in order to give it the great- 
eft advantage poffible. For from the nature of the 


-curve, if HI, 1K, KL, I.M, and fo on, be ta- 


ken equal; the ordinates H A, IB, 5 RE ing 
and fo on, are in geometrical proportion ; where- 
fore if HI, 1K, and fo on, be taken very fmall, 
they will reprefent the equal altitudes of the cylin- 
drical bodies of air in the trumpet; and the ordi- 
nates H A, I B, and fo on, will be the radii of their — 


-bafes, and the bodies of air being of equal heights 


will be to one another as their bafes, that is, as the © 
fquares of their radii; but the radii being to one 
another in a geometrical proportion, their fquares 


will be fo too; confequently, the little cylindrical 


bodies of air will be in a geometrical progreffion, 
the {malleft whereof lies next the mouth, and the 
largeft at the exit of the tube; for which reafon 
the augmentation of found will be greater, ceteris 
paribus, in a trumpet of fuch a form than of any 
other form whatever. ii 

” But to proceed to the fecond general cafe, where- 
in both the bodies move one and the fame way, but 
the fubfequent more fwiftly than the preceding. — 
~ If two equal elaftick bodies move in the fame di- 
rection, and in fuch a manneras that one may over~ 
take and ftrike the other, upon the ftroke they will 
change their quantities of motion with each other ; 
for inftance, if the motion of the fubfequent body. 
before the ftroke be double the motion of the pre- 
ceding body, then will the preceding body after the 
ftroke, have double the motion of the fubfequent 
body after the ftroke; and the preceding body af- 
ter the ftroke, will move with the fame velocity 
CEM SAGE AY Be MRT Noe | ~ where. 
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wherewith the fubfequent ,body moved before the Lz cr. 
‘ftroke; and the fubfequent body will after the — V. 
ftroke be carried with the velocity of the preceding way 
‘body before the ftroke; fo that upon the ftroke the | 
bodies will change their motions and velocities. For 
fince by fuppofition the fum of the motions is three, 
and fince the bodies are equal, the motion of each 
after the ftroke, fetting afide the elafticity, muft be 
one and an half; and by the fecond rule for deter- 
mining the quantity of motion communicated by 
the ftriking body to the other; the motion com- | 
municated in this cafe will be as one nalf, and fo 
Jikewife will the motion arifing from the elafticity, 
‘which being deduéted from the motion which re- 
mains in the ftriking body after the ftroke, and 
added to that of the preceding body, leaves the 
motion of the former as one, and of the latter as 
two; fo that upon the ftroke the motions will be 
changed: Wherefore ‘if two ivory balls of an 
equal fize be let fall at the’fame time, one from the 
height of fix inches,and the other from the height of 
three, after the ftroke, the preceding ball will rife ta 
the height of fix inches, and the fubfequent to the 
height of three only. - | 

If the bodies be unequal and move the fame way, 
their motions and velocities after the ftroke may in 
like manner be difcovered by the help of the propo- 
fition. For inftance, if the fubfequent body be as 
two, and have twelve parts of motion, and the pre- 
ceding body as one, and it’s motion as three ; the 
motion of the fubfequent body after the ftroke will 
be as eight, and that of the preceding body as fe- 
ven, and the velocity of the forties will be as four, 
and that of the latter as feven; for the fum of the 
two motions before the ftroke being fifteen, and 
the bodies being as one and two, the. motion of the 
leffer body after the ftroke, fetting afide the elafti- 
City, will be as five, and that of the greater as ten 3 
but the motion of the leffer body before the ftroke 

a F4 was 


AS 
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Lecr. was as three, confequently, the communicated mo- 


Y 


tion isas two; whereforeadding fo much on account 


\w7y~ of the elafticity to the motion of the leffer body, 


Exp. 8, 


Exp. 9. 


and fubduéting as much from that of the greater bo- 
dy which in this cafe is the ftriking body, we thall 
have eight for the motion of the greater, which be- 
ing divided by two, the quantity of matter in the 
ereater, gives four for it’s velocity; and we fhall 
have feven for the motion of the leffer body, which — 


_ becaufe the quantity of matter in the leffer is as one, 


will likewife exprefs the velocity. Wherefore if two 
ivory balls one double of the other be let fall at the 
fame time, the larger from the height of fix inches, - 
and the fmaller from the height of three, after the 
ftroke the leffer will afcend to the height of feven - 
inches, and the greater to the height of four. 
On the other hand, if the fmaller ball be let fall — 
from the height of fix inches, and the greater from 
the height of three; after the ftroke the leffer 
will afcend to the height of two inches, and the 
ereater to the height of five, and the motion of 
the former will be two, and that of the latter ten ; 
for fince the {maller ball is as unity, and falls from 


the height of fixiinches, it’s motion at the time of 
g x 


the ftroke is fix; and fince the larger ball 4S as 
two, and falls fromthe height of three inches, the 


motion thereof at the time of the ftroke is likewife — 


fix; and the fum of thofe two motions which is 
twelve, being divided between the bodies in pro- 
portion to their quantities of matter gives eight for 
the motion of the greater, and four for the motion 
of the leffer, which motions they would have after 
the ftroke, fuppofing they were not elaftick; and 
fince the motion of the greater body before the 
ftroke was: fix, the motion communicated to it by 
the ftroke is two, which by reafon of the elafticity 
being fubducted from four, the motion of, the 


ftriking body, and added to eight, the motion of 


the other body, gives two and ten for the motions 
of 
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of the two bodies, which motions being divided by the Lz.c Tt: 
refpective bodies,give two and five for the velocities, V. 

If two equal bodies meet one another with equal way 
quantities of motion, which is one branch of the . 
third general cafe, they will rebound with the fame 
motions and fame velocities. wherewith they ap- 
proached ; for were. they void. of elafticity they 
would upon the ftroke ftand ftill, becaufe they 
communicate to one another a quantity of motion 
equal to that which each of them hast the time of 
the ftroke, and that in a contrary direction ; but by 
the propofition, each of them muft on account of 
the elafticity receive as much motion as was com- 
municated by the ftroke; and the motions which 
are thus received by the bodies being equal, and 
contrary to the motions wherewith the bodies met, 
and which were deftroyed by the-ftroke, muft car- 
ry the bodies backward with the fame velocities 
wherewith: they approached. Wherefore, if two 
equal ivory balls.be et fall at the fame time from 
equal heights, fo as to meet one another, upon the 
{troke they will be reflected back to the heights 
from which they fell. ny: | ! 
_. If the balls be unequal, for inftance, if one be 
double the other ; let the larger fall from one half 
only: of the height from which the fmaller defcends, 
by which means when they meet their motions will 
be.equal,.and upon the ftroke they will be reflected 
each to the height from which it fell. 

_ Where the bodies meet one another with unequal 
motions, which is the fourth general cafe, if the 
bodies be equal, they will both be reflected; and 
each.of them will recede with the motion and 
velocity wherewith the other approached; thatis, 
they will change their motions and velocities ; for 
let us {uppofe the motions of the two bodies to be 
as fix and three ; if they were void of elafticity the 
body which has the f{malleft quantity of motion 
would upon the ftroke be turned back, and the two. 
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bodies would be carried with the difference of their — 
motions divided equally between them, that is, the 
motion of each would be as one and an’ half, and 
the motion communicated would by the fourth 
rule be as four and an half; but a quantity of mo- 
tion equal to what is communicated, mutt be fub- 
duéted from the motion remaining in the ftriking 
body, and added to the motion of the other, that 
js, four and an half muft be fubducted from one 
and an half, and likewife added thereto ; whereby 


there will be three negative for the motion of the - 


ftriking body, which fhews that it will be carried 
back with a motion which is as three ; and there 
will be fix pofitive for the motion of the other body, 
which fhews that it will be carried with a motion 


‘which is as fix, in the dire€tion of the ftriking ‘bo- 


dy before the ftroke ; that is, it will be reflected; 
fo that each of them will be carried back with the 
motion wherewith the other approached. 'Where- 
fore, if two equal balls of ivory be let fall at the 
fame time, one from the height of fix inches, and 
the other from the height of three ; upon the ftroke 
they will return back, but that whic fell from the 
height of fix inches will rife only to the height of 


_ three, whereas that which fell from three inches will 


Exp. 13. 


rife to fix. 


If the balls be unequal, and meet one another 


with unequal quantities of motion, their motions 
after the ftroke may in like manner be determined 
by the help of therule laid down in the propofition ; 
for inftance, if two ivory balls which are as one and 
two be let fall at the fame time, the greater from 
the height of fix inches, and the {maller from the 
height of three; in this particular cafe, the greater 
ball will upon the ftroke lofe all it’s motion, and the 
{maller will be reflected with the difference of their 
motions, fo as to rife to the height of nine inches; 
for fince the larger ball, which defcends from the 
height of fix inches, is as’ two, it’s motion ‘js as 
Wisco twelve, 
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_ twelve, whilft the motion of the fmaller ball, which ~.. 
is as unity, and defcends only from the height of | 

three inches, is as three, the difference of which 
motions is nine ; and this being divided between the 

_ bodies in proportion to their quantities of matter, 

gives fix for the motion of the larger, and three 

for that of the {maller ; and with thefe motions the 

bodies would be carried after the ftroke, fuppofing 

they were void of elafticity ; but becaufe of the 
elafticity, a quantity of motion equal to what is 
communicated by the ftriking body to the other, 

which in this cafe is fix, muft be taken from the 
motion of the greater body, and added to that of 

the fmaller, which two motions being fix and three, 

the remainder after fubduction, which expreffes the 

motion of the greater body, willbe nothing; and 

the fum arifing from the addition, which expreffes 

the motion of the {maller ball, .will be nine. 


LECTURE VI 


Or THe CenTER oF Gravity, Ba- 
Names LANCE, AND LEVER: 


Y defign in this lecture is to give you an ac- 7 pop. 
_ count of the firft and fecond of the mecha- vq. 
nic powers, commonly called the balance and the jams 
lever; but I fhall firft take notice of fome things re- 
lating to heavy bodies, the knowledge of which is 
in a great meafure neceffary to the right under- 
ftanding of what fhall be faid concerning the me- 
chanic powers in general. And firft, in every 
body there is a certain point, commonly called by 
the writers of mechanics, the center of gravity ; 
_the nature of which will beft appear from it’s chief 
properties, which arethefe. = | 
__ ift, If a body be fufpended by it’s center of gra- 
yity, it will continue in any pofition whatever 
pics | wherein 


82 


Or tHE CENTER or GRAVITY. 


Le OT. wherein it is placed; whereas if it be fufpended by. 


VI. 


ee aleend 
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any other point, it will not reft in any other pofition 
but where the center of gravity is either directly 
above, or direétly beneath the point of fufpenfion ; 
thus, if two beams be: fupported, the one by an 
axle paffing through it’s center of gravity ; the other 
by an axle which doth not pafs through the center of 
gravity, but through fuch a point, as when the beam 
is parallel to the plane of the horizon, lies directly 
above the center of gravity; the former will reft — 
in any pofition, whether it be perpendicular, paral- 
lel, or inclined to the horizontal plane ; but the 
latter will reft in the parallel pofition only ; and 
fhould it by any force be removed from that pofi- 
tion, it will, upon the removal of the force, begin - 


~ to move in order to recover the parallel pofition, and 


after feveral vibrations will at length fettle therein. — 
A fecond property of the center of gravity is, that 
where that is fupported the whole body is likewife 
fuftained; for which reafon the whole weight of a 
body may be looked upon as applied to that fingle — 
point and as centered therein. 
A third property of thiscenteris, that it continually _ 
endeavours to move downward towards the center of 


. the earth, and where all lets and impedrments are re- 


Exp. 2. 


moved does actually defcend; and therefore if in any 
cafe a body feems to move upward by the force of 
gravity, it will be found that the center of gravity 
defcends notwithftanding any appearance to the con- 
trary. Thus, if two rulers be fo, placed as to meet 
in an angle at one of their ends, and there. to reft 
upon an horizontal plane, whilft at their other end 
they are raifed alittie above the plane; and ifja 
body confifting of two equal fimilar cones united 
at their bafes, be Jaid upon the rulers in fuch a man- 


ner, that. the edge of their bafes may he be-, 


tween the rulers, ic will when left to it felt begin to. | 
roll» towards thé élevated extremities of the rulers, — 
and upon that account appear to afcend, whereas 1n- 
13] ae ts reality — 
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reality it moves downward ; for ifa ftring be Lecr: 
ftretched horizontally beneath the rulers,fo as that it. VI. 
may touch the edge of the bafes of the cones at the 
concourfe of the rulers,itwill be found that the edge 
of the bafes defcends below the ftring, and that 
more and more as the body moves nearer to the 
higher end of the rulers. | 
__Whilft the body rolls upon the rulers, ‘the parts 
of the cones which reft thereon do, by reafon of the 
widening of the rulers, grow continually fmaller ; 
upon which account, at the fame time that the bo-. 
dy afcends along the plane of the rulers, it is as it 
_ were carried down another plane equal in length to 
the fide of the cone, and whofe perpendicular alti- 
tude is equal to the femidiameter of the bafes of the 
cones ; and therefore, if the perpendicular altitude 

of the rulers in that part where their diftance is 
- equal to the length of the double cone, be lefs than 
the femidiameter of the bafes, the body will move 
up along the rulers, becaufe, by fo doing, it’ will’in 
reality defcend, and the defcent thereof will be 
equal to the difference between the femidiaméteér of 
their bafes,. and the perpendicular altitude of 
_ the rulers in that part where their diftance is equal 
tothe length of the cones; but if that perpen- 

dicular altitude be equal to the {emidiameter, 
_ the body will reft on any part of the rulers, being 

carried as much upward on one account, as it is 
downward on the other; and if the altitude of the 
rulers be a little increafed, fo as to exceed the femi- 
_ diameter of the bafes of the cones, the body will roll 
down the rulers, and thereby defcend through a 


, 


fpace equal to that excefs. — 
_~ Ifacylinder be fo contrived as to have ir’s center Exp. 3. 
Of gravity near one of it’s fides, which may be done 
_ by making a wooden cylinder hollow towards one 
fide, and then filling itwith lead ; when itis placed 
Qn an inclined plane in fuch a manner as that a 
; ide 
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Lect. fide which is neareft to the center of gravity may lean. 
VI. towards the upper part of the plane, it will afcend 
way~ provided the inclination of the plane be not too 
{mall, but the center of gravity will at the fame 

time defcend; for it will fuitably to it’s nature en- 
deavour to move downward, and thereby caufe the 
cylinder to revolve about it’s axis; and this revolu-_ 

tion will make the cylinder,, and confequently it’s 

center of gravity, to move up the plane ;_ {fo that 

the center of gravity will have as it were two mo- 

tions, one upward, arifing from the progreffion of 
the cylinder along the plane, the other downward, - 

- occafioned by the rotation of the cylinder about it’s 

axis ; but the defcent occafioned by the latter mo- 
tion, will be greater than the afcent arifing from — 

the former ; as will appear by ftretching a line ho- 
rizontally at the fame height with the center of gra- 

vity before the cylinder begins to row], for after the 

rotation ceafes the centre of gravity willbe beneath 

the Jine; fo that. upon the whole, that center will 
be found to defcend notwithftanding the afcent of 

the cylinder on the plane. ae 
When the elevation of the plane becomes fo great _ 
that the afcent arifing from the progreffion becomes 

equal to, or greater than the defcent arifing from 

the rotation, the cylinder will, in the former cafe, 
continue at reft, and in the latter rowl down the 

plane. : | 4 

A line drawn from the center of gravity of any 
body, perpendicular to the plane of the horizon, 1s 
called the line. of direction of the center of gravi<__ 
ty, becaufe when the body is carried downward by 
the force of gravity, if it meets with no let or 
obftacle, it’s center of gravity will defcribe that line. 
‘The chief property of this line is, that as long as 
it falls within the bafe of the body, fo long the bo- 
dy ftands, whereas no fooner does it fall beyond the — 
bafe, but the body tumbles; as will appear from 
Ene 
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the following experiment ; let a piece of wood*be Lec 1. 
fet on a moveable plane with a plummet hanging VI. 
from it’s center of gravity, and let the plane be gra~ Ua 
dually elevated till at length the plum-line, (which, Exp. 4. 
_ as it is always perpendicular to the horizon, will re- 
prefent the line of direétion,) falls beyond the bafe ; 
the wood will not tumble as long as the plummet 
line falls within the bafe, whatever be the elevation, 
of the plane whereon it ftands, but the moment 
that liné gets beyond the bafe the body falls. 

The reafon why a body ftands during the conti- 
nuance of the line of direction within it’s bafe Sy. 
that no motion can arife in any body fromthe force. 
_ Of gravity, unlefs the center of gravity can by fuch 
motion be carried downward ; but as long as the. 
_ line of direction of any body falls within the bafe,, 
it’s center of gravity is fupported, and therefore 
cannot defcend ; and confequently, the body will 
remain urimoved ; whereas upon the removal of the 
line of direction beyond the bafe, the center of gra- 
vity ceafes to be fupported, and is therefore at liber. 
ty to defcend. . 

_ From what has been faid it appears, why, among _ 

_ bodies defcending on inclined planes, fome, for in= 
{tance cubes, only flide, whilft others, as globes or. 
cylinders, rowl ; the lines of dire@tion falling be- 
neath the bafes of the former, but not the latter, 

The center of motion in any body is a fixed 
_ Point.or axis about which the feveral parts of a bo- 
dy do move, and in moving defcribe circular. 
marcnes, : 
The direétion of any power or weight is, that 


ftrait. line wherein it moves Or endeavours to 
move. And the moment of any power or weight. 
is, that force wherewith it either moves or endea-. 
vours to move, and it is always proportional to the 
_ product arifing from the multiplication of the pow- 
et or weight into the velocity wherewith it moves _ 
or would move if it were not hindred by ECR 
= : ' } pofite 


» 
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‘Ere. pofite power or weight ; and therefore, if the pro- 
. duct arifing from the multiplication of one weight 
—— or power into it’s velocity, be equal to the product 
3 arifing from the like multiplication of any other 
weight or power into it’s velocity, the moments of 
thofe two weights or powers muft be equal ; and 
this will always be where the weights or powers are 
to one anotherreciprocally as their velocities ; con- 
fequently, two weights or powers may balance, if 
as much as one exceeds the other in magnitude fo 
much mutt it be exceeded by the other in velocity; 
and herein confifts the whole force and efficacy of 
all mechanical engines ; for they are fo contrived as 
to diminifh the velocity of one weight or power and 
_.to increafe that of the other, by which meansa ve- 
ry fmall weight or power may become a balance 
to one exceedingly great, as will appear from what 
fhall be faid concerning the mechanick powers, 
which are commonly reduced to fix, namely, the 
balance, the lever, the pulley, the axle in the wheel, 
the wedge, and the /erew, of each of which in their 
order. | 
The patance, ftrittly fpeaking, 1s a beam 
fupported by an axle whereon it turns; which axle 
therefore is the center of motion ; the parts of the 
eam which lie on each fide of the axle are called 
it’s arms, and thofe parts of the arms to which the 
weights are applied are called the points of fufpen- 
fion; concerning which it muft be obferved, that 
the appending weight,whatever be the length of the 
cord by which it hangs, acts with the fame force 
and in the fame manner asif it’s center of gravity was 
applied to the point of fufpenfion ; fothat it matters . 
notjwhat the diftance is between the weight and point. 
of fufpenfion, as will appear from the following ex-_ 
Exp.5. periment. Leta weight appended at one arm of a 
; balance be counterpoifed by a weight at the Stherows 
and let it by means of a cord be hung at different _ 
diftances below the point of fufpenfion ; the a 
: 


: 
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of the balance will remain unvaried, and the weights L.z.¢:7, 
will continue to counterpoife cach other.at allthofe | VI. 
diftances. .. SR is ee ee OY.) 

The moment of any weight appended at the arm «© 
of a balance, is proportional to the produ arifing 
from the multiplication of the weight into the dif- 
tance of the point of fufpenfion from the axis of the 
balance; for, as was before faid, the moment ofa 
weight is proportional to the product of the weight 
sinto it’s velocity, and in this cafe the velocity of the 
weight is as the diftance of the point of fufpenfion 
from the axis ; for fince the weight acts in the fame 
_ manner.as if it’s center of gravity was applied to the 
_ point of fufpenfion, whatever be the velocity where- 
with that point moves round the axis, the fame will 
_ the velocity of the weight be; but the velocities 
wherewith the feveral points in the arm ofa ba- 
dance move round the axis, are as the {paces,. that 
is, as the circular arches, which they defcribe in the 
fame time, which arches from the nature of the 
citcle are to one another as their refpective radii, 
that is, as the diftances of the points from the axis. 
Thus, if AB reprefents the arm of the balance py, 5: 
Moving round the axis at A, the velocities of the Fig. g. 
points B and D, which defcribe the arches BC and Exp. 6. 
DE, will be as thofe arches, becaufe they are de- 
{cribed in the fame time ; but from the nature of the 
circle, thofe arches are to one another as their radii 
AB, and AD, that is, as the diftances of thofe 
points from the axis ; confequently, the moment of 
_@ weight appended at the.arm of a balance, is as 
the product of the weight into the diftance of the 
Point of fufpenfion from the axis. . Whence it fol- 
dows, that if two weights be appended at the arms 
of a balance in fuch a manner, as that the diftances 
_ pf the points of fufpenfion from theaxis {hall be re- 
_ iprocally proportional to the weights, thofe weights 
will counterpoife each other, and the balance will 
be in equilibria s for dE R EE if two equal weights 


ee d j be 
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Lect. be applied at equal diftances from the axis, the ba- 


“VL 


lance will not incline to either fide, but remain pa- 


“t——y—— rallel to the horizon, the weights in this cafe coun- 


Exp. 7. 


Exp. 8. 


Exp. 9. 
/ 


terpoifing one another. Again, if one weight be 


larger than the other in any proportion, for inftance, 


in the proportion of three to one, if the point at 
which the fmaller is applied be thrice as far diftant 
from the-axis as the point at which the larger is ap- 


plied, the balance will be in equilibrio. 


On this equilibrium arifing from the fufpenfion of 


weights at diftances reciprocally proportional to the — 


weights, is founded the Statera Romana, otherwife 
called the fteel-yard, which confifts of two arms 


very unequal in length, but equally poifed by means ~ 
- of a weight annexed to the fhorter, from which — 


likewife hangs a fcale in order to receive fuch things 


as are to be weighed ; the longer arm is divided in- 
“to anumber of equal parts beginning from the 


axis, and fuftains a weight which flides from one 
end to the other; which weight being aplied to 


the fecond divifion, will counterpoife double the 
‘weight in the fcale of the fhorter arm, that it will 


when applied to the firft divifion ; and triple when 
applied to the third divifion; and fo on,whatever be 


the divifion to which it is applied, the weight in the © 


fcale of the fhorter arm mutt be proportional there- 


‘to; otherwife the products arifing from the multi- 


plication of the weights into their refpective dif- 


tances from the axis would not be equal, and con- 
fequently would not balance each other. — 


On the fame zquilibrinm is likewife founded the 
deceitful balance, which is fo contrived as though one — 
‘arm be longer than the other, yet is the fhorter 
-made fo much thicker than the longer, as thereby 
exactly to poife the fame ; upon which account the 
‘balance appears to be juft, and confequently fuch — 
weights as counterpoife are judged equal, whereas — 
‘in truth that which is ‘appended at the longeft arm _ 
is lefs than the other, ‘and that ip the proportion a 
sel *  tne- 
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the length of the fhorter arm to that of the longer; Le cr. 
for inftance, if the longer arm be to the fhorter as VI. 
ten to nine ; a weight of nine ounces applied at the w->y~w 
longer arm, will counterbalance ten ounces append~ | 
ed atthe fhorter. 

Several weights appended at feveral diftances 
from the axis in one fide of a balance, will counter- 
poife feveral others appended likewife at feveral dif- 
_ tances on the other fide; provided the fum of the 
products which arife from the multiplication of the 
weights on one fide into their refpective diftances 
from the axis, be equal tothe fur of the produéts 
_ arifing from the like multiplication of the weights 
on the other fide into their refpective diftances. 
Thus, if on one fide a weight of one.ounce be ap- 
pended at the diftance of two inches from the axis, 
_ and another of two ounces at the diftance of three 
inches, and a third of three ounces at the diftance 
of four inches ; and if on the other fide be append- 
ed one weight of five ounces at the diftance of an 
inch from the axis, and another of three ounces at 
the diftance of five inches; the two latter will ba- 
_ lance the three former; for the product of five in- 
_ to one, being added to the product of three into 
five, gives the fum of twenty ; as does likewife the 
addition of the three products of one into two, two 
into three, and three into four. , 

The chief ufe of the balance commonly called a 
pair of fcales, is to compare the weights of different 

bodies together ; and that this machine may be as 
exact and perfect as poffible, it is requifite, rft, 
that the center of gravity of the beam be placed 
a little below the axis, becaufe in this cafe, when 
there is an equilibrium, the beam will not reft in 
any pofition but the parallel; confequently, the 
weights which are compared together will appear 
_ tobe equal, as they really are; whereas if the axis 
be placed beneath the center of gravity, fhould the 
center of gravity be moved oN of the PEPEDHOR 
:, 2 af 


Exp. 10. 


go 
Lect. 
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lar line, which can fearcely be avoided, it will not 
return, but from it’s tendency downward will be 
carried lower, fo as to give the beam an inclined po- 
fition ; for which reafon the weights will appear to 
be unequal, though in reality they are not fo; and the 
fame inconvenience willarife if the axis paffes through 
the center of gravity, for in that cafe it has been. 
already fhewn, that the beam, notwithftanding the 


‘equilibrium, will reft in any pofition. 


“Secondly, the'arms of the beam ought to be ex- 
actly equal both as to weight and length, the rea- 
fon of which is evident, from what was faid con- 
cerning the deceitful balance. a 
"Thirdly, the points from which the fcales are — 


fufpended, ought to be in ‘one right line paffing 


through the beam’s‘ center of gravity; for by this 
contrivance the weights will act directly againft each 
other, fo that no part of either will be loft on ac- 
count of any oblique direCtion, vy 
“© Fourthly, the friction of the beam againft the 
axis ought to beas little as poffible ; becaufe, fhould 
the friction be great, it will require a confiderable 
force to overcome it ; upon which account, though 
‘one weight fhould a little exceed the other, it will 
not preponderate, the excefs not being fufficient to 
overcome the fri€tion, and bear down the beam. 
That the fri€tion may be as little as poffible, the 
‘parts of the beam’ which play upon the axis, as alfo- 
the axis it felf, fhould be well polifhed, and the axis 
fhould be made’as fmall as the ufes of the balance 


will admit; but as friction cannot be intirely pre- 


vented, to remedy the inconveniences arifing from — 
it'as' muchvas poffible, the arms of the beam ought 
to be made as long as they conveniently can; be- 
Caufe the longer the arms are, the lefs will the 
weight be that is requifite to overcome the friction; 
the moments of weights increafing in proportion to 
their diftances from'the center of motion, ‘as has 
been’ ‘already fhewn. ~ Ab ieee 
nae a Sale : I fhall 
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_-T thall clofe what I had to fay concerning the Lecr: 
balance, by laying before you one property of it, .V. 
which is fomewhat fingular and furprifing; though it way~w | 
has not, that I can findsbeen taken notice of by any 
of the mechanick writers, * namely, that if a man Exp. 11. 
ftanding in one fcale,and counterpoifed by a weight 
in the other, lays his hand to any part of the beam, 
and preffes it upward, he will thereby deftroy the 
balance, and make the fcale wherein he ftands to 
preponderate. . pei i 
In order to account for this property,’ let. AB PI. z. 
reprefent the beam of a pair of {cales playing on he is, 
the axis at C, and let a man ftanding in the fcale 
D, and counterpoifed by a weight in the fcale 1, 
lay his hand to fome part of the beam,’ either on 
the fame fide of the axis with himfelf as at.H, oron 
the other fide as at K,. and prefs the fame upward 5 
inafmuch as a¢tion and reaétion are always equal; 
it is manifeft that with whatever force. the hand 
prefles upward againft the point Hor K, with the 
fame the hand,and confequently the man’s whole bo- 
dy, is preffed downward ; and therefore the:feale D 
wherein he ftands, bears the fame preffure from his 
feet that the point H or K does from his hand ; but 
the preflure upon the fcale D may :be looked upon 
as applied to the beam at the point A) from, which 
the {cale hangs ; confequently, the fame'force which 
preffes up the point H or K, preffes down the point 
A; wherefore putting F to denote that force; 
FxHC will exprefs the moment wherewith the arm 
AC is preffed upward when-the hand is applied at 
H, and FxKC the moment. wherewith: the arm 
_ \.* The property here mentionedobad not beenstaken notice 
of by-any of the Mechanick Writers,» when the Author com- 
pofed | this Lecture ; but, has. been publifhed fince, both in the 
Philofophical Tranfactions for the Year 1729 and im a courfe 
of experimental Philofophy, by Dr. Desacutiers, to whom 
our Author'communicated it, as he told’ me and many others, 
about thirteen or fourteen Years agolwhen he was in London. 
betloulua G 3 BC 
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Lz eT. BC 1s preffed upward the hand being applied at K ; 
VI. and in both cafes FxAC will exprefs the moment 
Vomyud wherewith the arm AC is preffed downward by 
means of the reaction; if therefore the hand be 
applied at H, it is manifeft thatas the arm ACis at 
one and the fame time preffed upward by a force 
which is as FxHC, and downward by a force 
which isas the fame FxAC, and as HC is ever 
lefs than AC, the arm AC muft defcend with ner 
difference of thofe forces, that is, with a force equal 
to FxAH, which is the diftance of the hand from 
the point A; if the hand be applied at K, thearm 
CB is prefled upward, and confequently AC down- 
ward, with a force equal to FxKC, and upon ac- 
count of the reaction AC is likewife preffed down- 
ward with a force equal to FxAC, and therefore 
it muft defcend with a force equal to. the fum of 
thofe two forces, that’ is, with a force equal to 
FxAK the diftance of the hand from the point A; 
fo that the fcale D muft preponderate whether the 
hand be applied to that part of the beam which 
lies on the fame fide of the axis with the man, or to 
that which lies on the other fide ; and if D be put 
to denote the diftance of that point to which the 
hand is applied from the point A, the force where- 
with the preponderating {cale defcends will be uni- 
verfally as FxD, that is, as the force which the © 
hand exercifes againft the beam, multiplied into © 
the diftance of the hand from the point A. And 
if the force wherewith the hand preffes the beam 
be required, it may be:difcovered by throwing in 
as much weight into the fcale E as is fufficient to ba- 
lance the force of the hand, and to prevent the de- 
{cent of the fcale D; for putting W to denote that 
weight, it’s moment is as WxBC or AC, which be- 
ing equal to FxD mS ePipent of F, F will be 


found equal to Wx———, that is, to the weight — 
D 


multiplied 
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multiplied into half the length of the beam, and Lec, 
divided by the diftance of the hand from A. For VI. 
inftance, if the balancing weight be twenty pounds, “~~ 
and the diftance of the hand from A be to half the 

length of the beam as one to two, the force where- 

with the hand preffes the beam is equal to twenty 

pounds multiplied by two and divided by unity, 

that is, it is equal to forty pounds; from what has 

been faid it follows, that when the hand is applied to 

that part of the beam which lies on the fame fide 

of the axis with the man, the force of the hand 

upon the beam is greater than the weight which ba- 

lances it in the fcale E, and lefs than the fame when 

the hand is applied to that part of the beam which 

lies on the other fide of the axis ue refpect to the 

A | 


man; for in. the firft cafe, Wx——— is greater than 


W, and in the latter lefs, inafmuch as AC is in the 
- former cafe always greater, and in the latter lefs 
than D. . | | | : 

The fecond, and indeed the moft fimple of all the 
mechanick powers is the LEVER 3 an engine chief-, 
~ ly made ufe of to raife large weights to {mall heights. 
- By the writers of mechanicks it is fuppofed to be 
an inflexible line void of all gravity ; though {uch as 
as are in common ufe are both flexible and weighty. 
In every lever there is one immoveable point,about 
which as a center all the parts of the lever turn ; 
and whatever fupports that point is called the props _ 
and with regard to the different fituations of the 
moving power, and the weight to be moved in re- 
fpeét.to the prop, the lever is divided into three 
kinds ;, the firft of whichis where the prop is placed 
between the moving, power and the weight to be 
raifed; which kind of lever is reprefented, where- py, 
in C denotes the prop, B.the weight, and A the Fig. at 
power. In this lever there will be a balance be- | 
tween, the power and the weight, provided they be 

| G4 eR 
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Leet. -to one another reciprocally as theit diftances from 


(Sestalanes 


the props ‘that is to fay, if the power at Abe to 
the weight at B, as CB to CA; for upon the mo- 
tion of the lever round it’s fixed point C, the power 
at A will defcribe the arch AD in the fame ‘time 
that the weight at B defcribes the arch BE ¥‘confe- 
quently, the velocity ofithe power will be to the 
velocity of the weight, as the arch AD to'the’arch 
BE ; that'is, becaufe the arches are fimilar,' a8 is evi- 


_ dent from the manner wherein ‘they are: generated, 


‘Exp. iz, 


as AC to CB. That therefore the produét arifing 
from the multiplication of the power into it’s veloci-’ 
ty may be equal to the produét of the weight into 
it’s velocity, or in other'words, that their moments: 
may be equal, the power mutt bear the fame propor- 
tion to the weight, that BC the diftance of the 
weight from the prop bears to AC the ‘diftance of 
the power from the prop. For inftance, if BC be 
to AC as one to two, ‘and if a man’s ftreneth be 
{uch as that without the help of a machine he can 
fupport an hundred weight, he will by the help of — 
this lever be enabled to fupport two hundred; be- 
caufe as BC is to AC, which by fuppofition is as 
one to two,: fo muft the power at A be to the 
weight at B; but the power at A is fuppofed to be 
equalto oné hundred, confequently the weight muft 
be equal to two. Yad 3 RAREROD OT S18 A 
As in'this lever the prop inay be placed either 
at the middle diftance between the moving power ~ 
and the weight, or nearer to one than the other, it 
is evident that there may be’a balance between the . 
power and the weight, either when they aré equal, 
or when the one exceeds or is exceeded by the other 
according to the different fituations of the prop. 
To this kindof lever may be reduced feveral 


forts of inftruments, fuch’ as {ciffars, pincers; fnuf- 


fers, each of which may’ be-confidered as made up 


of two levers, whofe prop is the fame with the pin 


= 
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which: rivets them together.) Quarry crows’ aré)Lizc tr. 
likewife levers: of this kind, concerning which it? VY 
mutt be obferved, that the larger and more pondes: Warn’ 
rous they are, provided they are: not fo big as to. 
become:unmanageable, the more ufeful they mutt 
be, becaufe the weight of that part of a crow 

which lies on the fame fide of the prop with the 

_ power, and which ufually far exeeds the other part 

_imlength, acts in conjunction with thepower, and! 

thereby facilitates the raifing of the ftones. » 

_ vdfthe arms of this lever, inftead of lying in a 

right line, meet each other at the prop in a right Pl. 3. 
angle, where A C and BC reprefent: the arms ofa 8 

_ levervunited at the prop C, in fuch’ a:manner as to 

_conftitute a right angle ACB; if to one armas’ 

_ CB placed horizontally, a weight be appended at B, 

_ and to the other as A C -ftanding perpendicularly ‘a 

_ power be applied at A acting in the diteCtion ADy 

In order to a balance the power muft' be to the 
weight as BC to AC, that is, the power.and weight 
muft be in the inverfe ratio of the lengths of the 

arms to which they are applied. For.as the arms 
turn together upon the prop C,’ in. the fametime. | 

_ that the point B defcribes any archas BK, the point 

A muft defcribe a fimilar arch as A H_¥ confes 

_ quently, the velocity of A will be to the velocity of 
Bas AC to BC; but as the moment.of the pow= 

er at A is fuppofed equal to the moment of the 
weight at B, the power mutt be to the weight, ‘as 

the velocity of the latter to the velocity of the for- 

pmiet; that is,as° BO to AC) io), evewla e gory &!: 
~'To confirm this by experiment; let BC be one Exp. 13. 

fourth of A C, and a weight of twelve ounces be ap- 
pended at B; to the chord ADF. made faft to the 
point A and paffing overa pulley at D, leta weight 

of three ounces be hung at F fo as 'to pull the arm: 
AC in the direétion A'D, and there will be a-ba- 
lance.) And if BC be one third orone half of AC, 
then a weight at F, which in the former-cafe my 
yen third, 
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Le cv. third, andin the latter one half of P will balance 


VI. 


the fame; and if AC and BC be equal, the ba-: 


keyed Jancing weights muft be fo too. ; 


: ee 
Fig. 2. 


Exp. 14. 


Exp. 15. 


From the experiments, and laste has felt faid 
concerning them, it is.evident, that the greater the 
proportion is which A C bears to B C, the greater is: 
the force of the lever, or the lefs the power at A 
requifite to balance a given weight at B: And 
forafmuch as the hammer when ‘made ufe of Mm. 
drawing nails is a lever of this kind, it is mani-) 
feft, that the longer the handle is in proportion: to 
that part of the hammer which hes between : the. 


‘handle and that portion of it which gripes the nail, 


the lefs will the force be that 1 is requifite to draw the 
nail... | 
The Pi kind of ocd has it’s prop at one font 
the power at the other, and the weight between, as. 
where C is the prop, A the power, and B the 
weight ; in this lever, in the fame time that the 
power at A movesthrough the arch of a circle whofe 
radius is A C, the weight at B moves through a fi- 
milar arch ofa leffer circle whofe radius is BCs 
confequently, the velocity of the power is to the 
velocity of the weight as AC to BC; in order 
therefore to a balance, the power muft be to the 
weight as BC to AC; that is, as much as AC, the 
diftance of the power ut the prop, exceeds B.C, . 
the diftance of the weight from the prop, fo much 
muft the weight exceed the power. 

..As in this lever the diftance of the weight from 


“the prop is always lefs than the diftance of the 
‘power from the prop, it is evident that there can- 


not be a balance in any cafe but where the weight 
exceeds the power. 

To this kind of vlever may be reduced the.oars 
and. rudders of thips,, cutting-knives fixed at one 
end, and doors moving upon hinges. 

If in this lever we fuppofe the power and the 
weight to change. their places, fo as that the power 

| may 


t 


Or tHe LEVER, | ey 
may be applied at B between the weight at A and Lecr. 
the prop at C, it will become a lever of the third  V. 
kind ; wherein in order to a balance, the power at B 
muft fo far exceed the weight at A, as BC, the dif. Pl. 3. 
tance of the power from the prop, is lefs than AC, Fig. 3- 
the diftance of the weight from the prop. ; 

It is evident, that the moving power receives no 
advantage from this kind of lever, and therefore it 
is never made ufe of but in cafes of neceffity, and 
where the weights to be raifed cannot be managed 
in a more convenient manner; as is the cafe of lad- 
ders, which being fixed at one end, are by the force 
of a man’s arms reared againft a wall. 
__ As levers are of fervice in raifing weights, fo are 
they likewife in carrying and fupporting the fame; 
concerning which it is to be obferved, that when two 
powers fupport a weight by help of a lever, the fum 
of the powers muft equal theweight; and the weight 
being placed between them, their refpeétive diftan- 
ces therefrom muft be reciprocally as the powers. 
Thus, ifa weight refting on the lever at B,befupport- Pl. 3. 
ed by two powers, one at A, and the other at C, the Fig: 3- 
diftance of A from B mutt be to the diftance of C 
from B, as the power at C is to the power at A. 
For in this cafe the lever is of the fecond kind, 
where each of the powers is in it’s turn to be looked 
upon as the prop, and then the other power mutt 
be to the weight as the diftance of the weight from 
the prop to the diftance of the power from the 
prop; that is, when A is confidered as the prop, 
the poweratC mutt be to the weight at B, as AB 
‘to AC; and when C is confidered as the prop, the 
power at A muft be to the fame weight at B, as 
CBtoCA.. Confequently, fince the power at A 
is to the weight, as B CtoA Cand fince the fame 
weight is to the power at C, as AC toA B; the’ 
‘power at A muft be to.the power at'C, as BC to 
BA, that is, the powers muft be to one another in- c 
verfly as their diftances from the weight; and thus, 
<ONOLE IC 
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Lec rvit will appear’ to be from experiments. For if from 


NVA 


‘the point, B of the lever A.C a weight as D be fuf- 


“V~ pended, andif two other weights as E, and F be fut 
Exp. 16. -pended from the extreme points A and C by cords 


Pi. 4 
Fig. 4. 


_ Exp. 17. 


pafling over pulleys, fo as that they may draw the 


to the weight D,,and the weight 'E be to. the 
Weight Fas BCtoBA. 1c) 

The fame thing will happen,, if the three wentte 
be made to pull the lever horizontally, which may 


be done by paffing the cords over fmall ripe or 


_. pins placed oma level with the lever. 


Pi. 3. 
Fig. 18. 


Exp, 18. 


_ In fhewing, what the proportion ought to be be- 


lever direétly upward ; they will fupport the weight — 
T) provided the fum of thofe two weights be equal 


j 


tween two powers which fupport a weight placed 
~ upon.a lever, I have fuppofed the pofition of the 


lever to be parallel to the plane. of the horizon ; 
what the proportion ought to be, and in what man- 
ner fuch proportion is determined i in inclined pofi- 
tions of the. lever, fhall. be. fhewn, when I come to 


~/treat of powers acting in oblique direétions, 


If inftead of a fingle lever, -feveral be combined 


| together i in fuch a manner, as thata weight being ap- 


pended to the firft lever, may be fupported ‘by a 
power applied tothe laft, asin the machine, which 
confifts of three levers of: the firft kind, and is fo 


contrived as that a power applied at the point L of © 


thelever C, may,fuftain a weight at the point S of 


thelever A. The power muft be to the weight, in 


a ratio compounded of the feveral ratios, which thofe 


powers that. can fuftain the weight by the help of — 
each lever when ufed fingly and apart from the reft, 


have to the weight; for inftance, if the »power 


which can fuftain the weight P by help of the lever 


A alone, be tothe weight as one to five; and if the 


power whereby the fame weight can be fuftained 
by the help of the lever B alone, be to the weight, — 


as one to four; again, if the power which can fup- sy 


va the fame weight by the. me of the letter C 


alone, 
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alone, be to the weight as one to five; the power Lec r. 
which fupports the weight by means of thofe three VI. 
levers jorned together will be to the weight ina wyrw 
ratio compounded of one to five, one to four, and | 
one to five, that is, it will be as one to an hundred. 
For fince in the lever A, a power equal to one fifth 
of the weight P preffing down the lever at L, is 
-fufficient to balance the -weight; and fince it is the 
fame thing whether that power be applied to the 
lever A at L, or the lever B at S, the point S bear- 
ing on the point L, a power equal to one fifth of 
the weight P being applied to the point S of the 
lever B, and preffing the fame downward, will fup- 
port the weight ; but one fourth of the fame pow- 
er being applied to the point L of the lever B, and 
pufhing the fame upward, will as effectually deprefs 
the point S of the fame lever, as if the whole 
power was applied at S; confequently,a power equal 
-toone fourth of one fifth, that is, to one twentieth 
part of the weight P, being applied to the point L 
of the lever B, and pufhing up the fame, will fupport 
the weight; but it matters not whether that force 
be applied to the point L of the lever B, or to the 
point S of the lever C, fince if S be raifed, L 
which refts thereon muft be fo too; but one fifth: 
of the power applied at the point L of the lever C, 
and preffing it downward will as effectually raife the 
point S of the fame lever, as if the whole power 
was applied at S and pufhed up the fame; confe- 
quently, a power equal to one fifth of one twentieth, 
that is, to one hundredth part of the weight P, be- 
ing applied to the point L of the lever C, will ba- 
lance the weight at the point S of the lever A; that 
is, a power which is tothe weight, in a ratio com- 
pounded of the three ratios, which the powers have 
to the weight in each lever taken feparately, will be 
a balance to the weight, when the three levers are 
ufed jointly, And ‘by the fame way of reafoning - | 
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will be found, that in all machines of this kind, 
the power requifite to fuftain the weight, is to the 
weight, in a ratio made up of the feveral ratias of the 
power to the weight in each lever taken feparately, 
whatever be the number of levers. ‘a 

In all that has been hitherto faid concerning the 
lever, the power and the weight are fuppofed to act 
in direét oppofition to each other; and on this fup- 
polition, the power mutt be to the weight in each of 


the three kinds of levers, in. the reciprocal ratio of — 
their diflances from the prop, as has been fully 
proved with regard to each kind; but where the — 


directions of the power and weight are inclined to 
each other, the proportion will vary from what has 


been here determined, as fhall be fhewn, when] © 


come to treat of powers acting in oblique di- 


rections. 


LECTURE VIL. 


OF THE PutLtey. 


N this lecture I fhall give you an account of the 
Pulley, the Axle in the Wheel, the Wedge, and 


mmo the Screw. The punLey isa {mall wheel that 


turns about it’s axis, and which has a drawing rope 
palling over it. It is made ufe of in raifing large 
weights to confiderable heights; and is of wo 


kinds, fixed and moveable; the fole ufe of the 


fixed pulley is tochange the direction of the moving — 
power; which in all cafes where weights are to be. ) 
_ raifed to great heights, is exceedingly convenient,and 
very often of abfolute neceffity ; for inftance, if \ 
the weight P is to be raifed by the force of a man’s 


hand to any height as A above the reach of the — 


hand, the man muft quit his place and afcend in 


order to carry up the weight, which for the mott 
part — 


' 


Or tHe PULLEY. ‘To! 
‘part is found to be inconvenient, and fometimesim- Lect. 
practicable ; whereas if to a rope as PAF paffing » VII. 
over the fixed pulley at A, the weight be made warrw 
faft at one end as P, and the hand applied to the | 
other end at F, the man by drawing the rope A F 
downward, will without moving from his place raife 
the weight as effeCtualiy, as if his hand was applied 
to itand moved upward from P to’A; {fo that in 
raifing weights to great heights the fixed pulley is 
of fingular fervice, in as much as by changing the 
direction of the power, it takes off the neceffity 
that a man would otherwife lie under of afcending 
along with the weight, and by fo doing leffens his 
labour ; befides, it has this farther convenience at- 
tending it, that by means thereof the joint ftrength 
of feveral perfons may be made ufe of to raife one 
and the fame weight, which in many cafes cannot 
‘be done, at leaft not fo conveniently, where the 
weight is raifed by the immediate application of 
the hands; but this pulley does not in the leaft af- 
fift the power, by increafing it’s moment ; becaufe 
it neither leffens the velocity wherewith the weight 
rifes, nor arguments that of the power ; for what- 
ever be the {pace through which the power moves 
by drawing the rope A F, the weight muft in the 
fame'time be drawn up through an equal fpace ; the 
rope AP conftantly fhortning in the fame proportion 
that the rope AF’ is lengthened; and therefore, 
wherever any power fupports a weight by means of 
a fixed pulley, that power muft be equal to the 
weight. BES aks 
When a pulley rifes and falls along with the 
weight, as does this pulley, it is faid to be movea- 
ble, and with regard to it’s ufe, it is juft the re- 
verfe of the fixed pulley; for it addsto the mo-,, , 
‘ment of the power, but caufes no change in it’s di- pj, ° >, 
reCtion ; for if the hand be applied at F to the 
rope D, in order to raife the weight P appended to — 
the moveable pulley E, it muft move directly veel 
ae war 
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Fig. 8. 
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ward in the very fame manner, as if it was applied 
immediately to the weight ; confequently, the di- 
rection of the hand which raifes.the weight is no 
way altered by this pulley, but the moment thereof 
is doubled, becaufe it is made to rife twice as faft 


as the weight; for in the fame time that the hand 


moves upward from F to G, through the {pace FG 
equal in length to the two equal ropes D and C, 
the pulley, and confequently the weight annexed, 


will be drawn up through the {pace E H, whofe - 


length is equal to one of the ropes only, 

"In machines confifting of feveral pulleys, whereof 
fome are fixed and fome moveable, and which have 
One common rope that goes round them all; if 
one end of the rope be fixed, as is the cafe in the 


~ machines reprefented by thefe figures, in order toa 


balance, the moving power mutt be to the weight, as: 
one to twice the number of moveable pulleys; be- 


-caufe the velocity wherewith the power moves in _ 


raifing weights by the help of {uch engines, is to 
the velocity of the rifing weight, as twice the num- 
ber, of moveable pulleys to unity; as I fhall 
now fhew you in the machine, which confifts 
of one fixed pulley as A, and another move- 
able as E. Since it is one and the fame rope that is 
continued from G to F, the part AF which lies be- 
yond the fixed pulley, cannot be drawn down and — 
thereby lengthened, unlefs the two parts D and C, 
which lie on each fide of the moveable pulley, be at 
the fame time drawn up and :fhortened, and that 
equally; whence it is evident, that the part AF 
will be lengthened as faft again as either D or C is 
fhortened, inafmuch as what each of thofe parts 
lofe of their length is added to the length of A F; 
but the point F to which the power is applied, de- 
{cends as faft as AF is lengthened, and the point 
FE, to which the weight is faftened, afcends as faftas _ 
D or Cis fhortened,; confequently, the velocity of 
the power.is to the velocity of the weight, as. two 

i Vi : to. 


* 
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_ to one, that is, as twice the number of moveable Lec 7, 
pulleys to unity, if therefore a weight osdndle at «VIL. 
F, be to a weight appended at E, as one te two, “\~— 
they will balance each other, as being to one ano- 2*P* 
ther inthe reciprocal ratio of their velocities. 
In the machines, each of which confifts of two fix- Pl. 3. 
ed and as many moveable pulleys, and which differ Fig- 9.19. 
only in this, that in one the pulleys of the fame kind Exp. 3. * 
move upon one and the fame axis,and in the other up- 
_ ondifferent axes ; I fay, in thefe machines, the veloci- 
ty wherewith the power moves is to the velocity 
wherewith the weight rifes, as four to one, that 
is, as twice the number of moveable pulleys to one ; 
- for as the part of the rope AF is drawn down and 
lengthened, the four parts B, C, D, H, which lie 
on each fide of the two moveable pulleys, are drawn 
up and fhortened, and that equally ; and what each 
of them lofes of it’s length is added to the length 
of A F’; confequently, A F is lengthened four times 
as faft as each of the other parts fhortens ; but the 
power moves as faft as AF lengthens, and the 
weight rifes as faft as the other four fhorten; and 
therefore, the velocity of the power at F is to the 
velocity of the weight at E, as four to one, or as 
twice the number of moveable pulleys to unity ¢ 
for which reafon, if a weight be appended at F 
which is to the weight at E, as one to four, that is, 
_ inthe reciprocal rasié of their velocities, there will 
be a balance. ! | 
__. What has been thus proved with regard to the 
three Jaft machines, namely, that the velocity . 
wherewith a power moves in raifing a weight is to 
the velecity wherewith the weight rifes, as twice the 
number of moveable pulleys to unity, is in the 
fame manner demonftrable with regard to any other 
machine of the fame kind, whatever be the number 
of pulleys whereof it confifts; and therefore, in all 
Machines confifting of feveral pulleys whereof 
| | H te _» fine 
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fome are fixed and others moveable, and round : 


which goes one common rope, fixed at one end, 


ew it may be laid down as a general rule, that in order 


Exp. 4. 


Pi. 3; 
Fig. 11. 


to a balance between the moving power and the 
weight, the former muft be to the latter, as one to 
twice the number of moveable pulleys. 

If the rope which goes round the pulleys, inftead 
of being fixed at one end, be faftened to the 
weight or to the block which fupports the move- 
able pulleys, fo as to rife therewith, as in this ma- 
chine, which confifts in five pulleys, whereof three 
are fixed and two moveable, and in which the end 


_ of the rope is joined at G to the block which fup- 


‘ports the two moveable pulleys; the velocity of the 


power is to the velocity of the weight, asthe fum ~ 


of twice the number of moveable pulleys increafed 


by unity to one; for in this cafe, the parts of the _ 


rope which are equally fhortened in order to 
lengthen the part AF, are more in number by one 
than the fum of the moveable pulleys when doubled ; 


~ confequently, fince the power at F moves as faft as 


Pl. s. 
Fig. 11. 


Exp. 5. 


Pie 3s 
Fig. 12, 


AF is lengthened, whilft the weight at E rifes in 
proportion only tothe fhortening of the ropes 
B, C,'D, H, K, the velocity of the power bears 
the fame proportion to the velocity of the weight, 
as the fum of twice the number of moveable pulleys 
increafed by unity does to one; and therefore, if 
‘the power be to the weight in the inverfe ratio, that 
is, as one to twice the number of _ moveable pulleys 
added to unity, there will be a balance. Thus, if in 
the machine a weight appended at F be to another 

t E, as one tofiyve, they willbalance, and remain 
dinmoved,. |. 7 Mel pie ch 
_._ If to any of.the forementioned machines be ad- 
ded a runner, .that, is, a fingle moveable pulley, 


which has it’s own rope diftinét from that which is — 


common to the other pulleys, one end whereof is 


fixed as at L, the other being faftened to the — 


block at E, and the weight appended at M, the 
force 
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force of the former machines will be doubled by this Lecr. 
additional pulley ; for fince the point E moves with — VII. 
‘twice the velocity of the point M, as I fhewed.:\ arr 
when {peaking of the fingle moveable pulley, what- f 
ever be the proportion which the velocity of the — 

_ .power at F bears to the velocity of the weight when 
_ appended at EF, it will be doubled if the weight be 
_ appended at M; confequently, the power will b 
_ the help of the runner be able to fuftain twice the 
weight that it did before. 

If a machine be combined of one fixed and fe- PI. 3, 
veral moveable pulleys, put together in fucha man- Fig. 132 
ner as that each of the moveable pulleys has a fe- Exp. 6 
| parate rope, one end whereof being fixed, the other 
either paffes over the fixed pulley, as does that of 
the firft moveable pulley E, or is joined to the 
moveable pulley which lies next above it, as in the 
cafe of the ropes B,C,D, which belongs to G, H, and 
I, the fecond, third and fourth moveable pulleys ; 

B being joined at N to the firft moveable pulley, 
~CatK to the fecond, and Dat L tothe third; the 
~ weight being appended to the laft moveable pulley 
atH. Thevelocity wherewith the weight rifes in 
fuch a machine is to the velocity of the power, as one 
to the laft term of a duple pfogreffion, whereof the 
 firft term is unity, and the number of terms more 

_ by one, than the number of moveable pulleys. 

For as I proved, when fpeaking of the fingle 

- moveable pulley, the velocity of the power at F 
- isto the velocity wherewith the pulley E rifes, as 
two to one; and fo likewife is the velocity of E, ~ 
' to that of G, and that of G, to that of I, and fo 
~ on, whatever be the number of moveable pulleys, 
the velocity of each fucceeding pulley is but one 
half of the velocity of the preceding; wherefore, 
if the velocity of the laft pulley, which is the fame 
~ with the velocity of the weight, be put equal to 
 mnity, the velocity of that which immediately pre- 
 cedes it, to wit Hy, will Ps as two, and the yeloci- 
Rigas 5 a I 
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Lect. ty of G, as four, and of F, as eight, and fo on, 
VII. if there be more moveable pulleys, the velocity 
ny will be continually doubled, and fince the velocity of 
the laft pulley is expreffled by unity, that of the ~ 

firft will be expreffed by the laft term of a duple 

progreffion whofe firft term is unity, and the num- 

ber of terms equal to the number of moveable pul- 

leys; and confequently, fince the velocity of the 

power is double that of the firft moveable pulley, 

_ if the duple progreffion be continued to one term 

“more, that term will exprefs the velocity of the 

_ power, the velocity of the weight being as unity ; 

* thus, in this machine, the number of moveable 
pulleys being four, the velocity of the weight at 
M is to that of the power at F, as one to fixteen ; 
if therefore a weight appended at F be to the weight 
at M, as one to fixteen, there’will be a balance. — 

Though this engine be of greater force than any 
other wherein there is the fame number of move- 
able pulleys, yet inafmuch as it does for that very 
reafon raife weights more flowly: men for the 
fake of difpatch choofe rather to make ufe of fuch 
combinations of pulleys as are reprefented in the 
gth and roth figures, and where they have occafion 
to raife very large weights, they double the force 
of thofe machines by the addition ofa runner. 
_ The fourth mechanick power is called the 
AXLE IN THE WHEEL; which is a fimple engine 
confifting of one wheel fixed to. the end of an axle © 
that turns along with the wheel; the manner of 
raifing weights by the help of this machine is thus ; 
the power being applied to fome partof the wheel’s ~ 
circumference, turns the wheel, and together with: ' 
it the axle, by which means a rope that is tied to — 
the weight at one end, and made faft to the axle 
at the other, is wound about the axle, and thereby 
the weight drawn up ; and for as much as the wheel 
and it’s axle revolve together, in whatever time the | 
‘power moves through a {pace equal to the circum= 
ns ference: 


Or THE AXLEINTHE WHEEL. roy 
ference of the wheel, the weight muft in the fame Le c Tz~ 
time be raifedup through afpaceequaltothecircum- VII. 
ference of the axle, confequently, the velocity of the —~— 
power is to the velocity of the weight, as the circum- 
ference of the wheel tothe circumference of the axle ; 
that is, from the nature of the circle, as the diame- 
ter of one to the diameter of the other ; if there- 
fore the power be to the weight in the inverfe ratio 
of thofe diameters; that is to fay, if the power be 
to the weight, as the diameter of the axle to the 
diameter of the wheel, there will be a balance; the 
power in that cafe being juft fufficient to fupport the 
weight. For inftance, if the diameter of the wheel E%p. 7. 
be five inches, and that of the axle one, a weight 
of one ounce hanging from any point in the circum- 

' ference of the wheel, will fupport a weight of five 
ounces hanging at the axle; and if the diameter of 
the axle be but half an inch, then will ten ounces 
at the axle be fupported by one at the wheel _ 

Where the parts of the axle differ in. thicknefs, 
if weights be hung at the feveral parts, they may 
be fuftained by one and the fame power applied to 
the circumference of the wheel, provided the 
_ product arifing from the multiplication of the 
power into the diameter of the wheel be equal 
to the fum of the produéts arifing from the multi- 
plication of the feveral weights into the diameters 
of thofe parts of the axle from which they are 
fufpended. Thus a weight of five ounces hanging 
from the parts of an axle whofe diameter is one Exp. 8. 
inch, and another of ten ounces from a part whofe 
diameter is half an inch, will be balanced by a 
weight of two ounces hanging from the circumfe- 
rence of the wheel whofe diameter ts five inches ; 
for the fum of the products of five into one, and 
of ten into one half, which exprefs the moments 
of the weights, is equal to ten, as is alfo the pro- 
duét of two into five, which exprefies the moment 
of the power. i ry 
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If tothe axle in the wheel be added one or more 
wheels with teeth, fo that motion may be commu- 
nicated from the firft wheel to the laft; the weight 
being hung from the axle of the Jatt wheel, whiltt 
the moving power is applied to the circumference 
of the firft wheel; in order to a balance, the pow- 
er muft be to the weight in a ratio compounded of 
the inverfe rato of the diameter of thé firft wheel 
to the diameter of the Jaft axle, and of ‘the inverfe 
vatio of the number of revolutions made by the firft 
wheel, to the number of revolutions made by the 
Jaft axle ina giventime; for if the firft wheel and 
the laft axle revolved in the fame time, the ratio of 
the diameter of the wheel to that of theaxle, would _ 


exprefs the ratio of the velocity of the power, to 


the velocity of the weight; but if the wheel re- 
volves oftener than the Jaft axle in a given time, it 
is evident, that the ratio of the velocity of the 
power to that of the weight, will be greater in that 
proportion ; confequently, the velocity of the power - 


_ muft be to the velocity of ‘the weight in a ratio 


Exp. 9. 


compounded of the ratio of the diameter of the 
firft wheel to the diameter of the laft axle, and of the 
revolutions of the firft to thofé of the laft axle in a 
given time; andtherefore, that there may bea ba- 
lance between the power and the weight, the for- 
mer mutt be to the latter invetfly in the fathe com- 
pounded ratio. For inftance, in a machine con- 
fifting of two wheels with their axles, wherein the 
diameter of the firft wheel is four inches, and that 
of the fecond axle a quarter of an inch, and where- 
in the cogs or tecth of the firft axle by applying 
themfelves fucceffively to the teeth of the fecond 
wheel, turn it about, and therewith it’s axle; but 


’ ‘the teeth of the firft axle being in number but 


one fourth of the teeth of the fecond wheel, ‘that 
axle, and confequently the ‘firft wheel, muft re-— 
volve four times in order to turn the fecond ‘wheel. 

and it’s axle once; fo that the revolutions of the © 


firft . 
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firft wheel in a given time are to the revolutions of Lz c r. 
the fecond axle, as four to one: inthis machine,in VII. 
order to a balance, the power muft be to the weight way 
inverfly in a ratio compounded of fixteen to one, 
and of four to one ; that is, it muft be to the weight. 
inverfly as Gxty-four to one; fo that a weight of 4 
one ounce at the circumference of the firft wheel, 
will fupport a weight of fixty-four ounces faftened 
to the fecond axle. | 
Again, in a machine .compofed of three axles, Exp. 10. 
the two laft having wheels. with teeth,.and the Orit 
a perpetual {crew which in each revolution of the 
__ firft.axle moves one tooth only of the wheel of the 
~ fecond axle; which wheel having twenty eight 
teeth, moves round once in the fame time that che 
firft axle turns twenty-eight times; and there being 
a {mall wheel with fourteen teeth at the other end 
of the fecond axle,. and thefe teeth applying them- 
felves continually to the teeth of a wheel fixed on 
the’ third axle, which are twenty-eight in numbér 5 
- the wheel.of the third axle mutt revolve but once 
in the fame time that the wheel of the fecond axle 
revolyes twice, and of confequence the third wheel 
_-and it’s axle move round but once whilft the firft 
axle performs fifty-fix revolutions ; and the diame- 
ter of the firft axle is to that of the laft as two to 
one ; inorder therefore.to a balance between the 
power which is applied to the firft axle, and the 
_ weight which is applied to the laft; the power mutt 
be to the weight inverfly in a ratio compounded of 
two to one, and of fifty-fix to one; that is, the 
‘power mutt besto the weight as one to an hundred 
and twelve; fo that one ounce hanging from the 
 farft axle will {upport an hundred and twelve ounces 
_ -hanging from the laft axle. este 
. In order to exhibit the force of the wepcE, Pl.3. . 
«whichis the fifth mechanick power, let AD repre- Fig. 14. 
- fent the bafe of a wedge, from .whofe middle point 
Blet the Jine BE be drawn. perpendicular to the 
yohaw - H ee rs ; fide 
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Leer, fide DC, and the line BC at right angles to AD, 


and confequently, biffecting the angle ACD made 
by the concourfe of the wedge’s fides. SA 
In cleaving timber with awedge, the force of th 
mallet which ftrikes the wedge, is to be looked up- 
on as the moving power, and the cohefion of the 
ake of the timber, as the refiftance or weight to 
be moved ; now, whilft the wedge is driven by the 
repeated ftrokes of the mallet from B to C, (for1 


~ Suppofe the edge of the wedge to be placed on the 


top of a piece of timber at B in order to rend it) 
the fpace defcribed by the wood asit yields on each 
fide of the wedge in lines perpendicular to thofe 
fides, is equal to BE. Confequently, that the mo- 


‘ment of the mallet may be equal to the refiftance of 
the wood, the abfolute force of the mallet muft be 


to the force wherewith the parts of the wood cohere, 
as BE to BC, that is, as the fine of the angle BCD 
to radius; whence it follows, that all fimilar wedges 


“are of equal force, for in fuch the angle BCD is 


Exp, 15. 


given; it likewife follows, that the powers of dif- 
fimilar wedges are inverfly as the fines of the angles 
BCD, or in other words, that the forces requifite — 
to rend timber with fuch wedges, as direétly as the 
fines BE, which is confirmed by the following ex- 
periment. 38 BOB i | 
Let a machine be fo contrived, as to confift of © 
two equal'cylinders, rolling upon their axles in an — 
horizontal pofition along the edges of two rulers, 
and let them bedrawn and kept together by a weight ' 
of 2000 grains, ‘hanging freely by a rope, faftened 
at each end to the cylinders, and let the edge of © 
a wedge be placed between the cylinders ; fo as 


‘that when a tufficient weight is hung to it, it may 


be drawn down between the cylinders ;'in this ma- 
chine the force wherewith the cylinders are drawn _ 
together, added to the attrition of their axles in | 
rolling upon the rulers, may be looked upon as 


the refiftance of the timber, and the weight of the 


wedge, 
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wedge, together with the appending weight where- yee tT. 
by it is pulled down between the cylinders, asthe VII. 
force of the mallet upon the wedge ; now, if three tex~d 


wedges be made ufe of, each three inches long, in 
which the fines BE are as one, two, and three, their — 
weights likewife being in the fame proportion, the 
firft will be drawn down by a weight of 300 grains, 
the fecond by one of 600 grains, and the third by 
one of 900 grains. 

‘To the wedge may be reduced the axe or hatchet, 
the teeth of faws, thechizel, the augur, the fpade 
and fhovel, knives and {words of all kinds, as alfo 
the bodkin and needle, and in a word, all forts of 
inftruments, which beginning from edges or points 
grow gradually thicker as they lengthen; and the 
manner wherein the power is applied to fuch inftru- 
‘ments, is different according to their different fhapes 
and figures, and the various ufes for which they 
were contrived. Hi 3 

The next and laft mechanick power is the 
screw, which confifts of two parts, whereof the 
firft is called the male or outfide fcrew, being acy- 
linder cut in, in fuch fort as to have a prominent part 
going round it in a fpiral manner, which promi- 
nent part is commonly called the thread of the 
{crew; the other part, which is called the female or 
infide {crew, and by common workmen the nut, is 
a folid body that contains an hollow cylinder, whofe 
concave furface is cut in the’ fame manner as the 

«convex furface of the male {crew, fo that the pro- 
-minent.parts of the: one may fit the cavities of the 
other. The chief defign of this machine is to 
‘prefs the parts of bodies clofely together, and in 
fome cafes to break and divide them; when it 
4s made ufe of one part is commonly fixed, whilft 
the other is turned round, and in each revolution 
.the moveable part is carried in- the direction of the 
_ axis of the cylinder through a fpace equalin length to - 
the interval between two contiguous threads, where- 


by 
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Lec,ti by the parts of the body wheteon. the preffure is 


- VA 


madeare forced to move towards one another through 


ay a {pace equal to thatinterval; which interval there- 


fore does exprefs the velocity wherewith the feveral 
parts of the body give way to. the preffure, whilft 
the circular periphery, which is defcribed by the 
power whereby the moveable part of the {crew is 


-¢urned round, -exprefies the velocity of the power; 


for the moveable. part of the dcrew is ufually 


_ gurned by means of an handle or . handfpike, 
- to fome part-of which the power is applied, and by 


moving round with that part defcribes the circum- 
ference of acircle ; af therefore the moving power 
be to the refiftance of the body which 1s prefied, as 
the diftance between two contiguous threads of the 


~ {crew to. the circular periphery defcribed. by the 


Exp.12.3 


power, there will be a balances and if the power 
be ever fo little increafed beyond that proportion it 
muft overcome the refiftance, and move the fcrew ; 
and thus it would’ conftantly be, provided there was 
go tefittance from the attrition of the. partsof the 
Screw one |lagaindt another ; \but-as that is very con- 
faderable, there is an addition of power requifite to 
overcome it; over and above what is neceflary to 
sovercome the sefiftance of tthe body whereon the 
wpreflure is made: for which reafon fuch experi- 
sments as are made to fhew the force of the fcrew, 
amuft vary more from the theory, \than thofe which — 
shave been made concerning the other mechanick 
powers, wherein the attrition is) far lefs: confide- 
rable; however it will appear from the following 
experiment, that {mall powers'are fufficient by the — 
help of the fcrew ‘to overcome great refiftances an 
ithe bodies which are preffed.. 0 1) Soo! 

diet a wheel whofe diameter is: four inches, be 
fixed at it’s center tothe head of a male forew ina _ 
horizontal pofition, and Jet the :end ofa: rope, 
~which is wound about the groove iof ithe wheel, — 
pafs over a pulley:in fucha:manner as ithat:having — 
id Ba)% | 


: a weight 
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bvdight patene to it, it may be drawn in a line; Lecr. 
that isa tangent to the wheel, by which means the VII. 
intire gravity. of- the weight, will be ;employed in Um 
turning the wheel; to one end ofa lever, fupported 
by a prop at the middle,let a weight of feven pounds 
‘be hung, and let the bottom of the male fcrew 
reft on the other end of the lever ; and let the dif- 
tance between the threads of the fcrew, "be equal to 
one fifth of an inch, and a weight of ‘three ounces 
and 250 grains being hung to the end of the rope 
which pafies over the pulley, will juft turn the wheel, 

and thereby thruft down ‘the {crew and with it the 
end of the lever whereon it refts, and by fo rita 
raife up the weight at the other end. 

In this cafe the power which moves the {crew,° % 
to the weight raifed whereby the refiftance that is 
made to the preffure is meafured,as one to 24 nearly; 
whereas it ought not to exceed the proportion of one 
to 63; for the diaietet of the wheel being four inches 
the circumference is twelve and. an half nearly, ‘but 
12.5 isto +,which is the interval between the threads 
of the fcrew, as 624 to one; confequently, if the 
power which turns the {crew be to the weight that 
is to be raifed in the inverfe ratio of thofe numbers, 
that is, as one to 622, it ought to balance’ the 
weight, and ifit be increafed ever ‘fo little it fhould 
overpower and raife the weight: fince therefore the 
force that is requifite to turn the wheel is nearly 
three times as great as what is neceflary to overcome 
the refiftance of the weight to be raifed, it is evi- 
‘dent, that almoft two thirds of ‘that force is im- 
ployed in overcoming the refiftance arifing from 
the attrition-of the parts of the {crew one-againft 
nother; what the nature of this ‘refiftance is, and 
ah what proportion it varies, fhall be fhewn here- 
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"LECTURE vu 
Or Compounp Enarnes. | 


TAHE mechanick: powers, which, for the moft 
E. part are made ufe of feparately,, may in ma- 


“v——~ ny cafes be combined together, and engines thereby 


formed of fuch efficacy, as that by the help thereof 
exceeding great weights may be raifed by very {mall 
powers. In all fuch compounded machines the 
proportion which the moving power bears to the 
weight when »they balance each other, is com-_ 


_ pounded of the, feveral ratios which thofe powers 


have to the weight which balance it in each fimple 
machine, whereof the compound engine confitfts. 
‘Thus when a machine is compofed of an axle inthe 
wheel and.a pulley,|by faftening the drawing rope 
of the one, to the axle of the other; the power 
which balances the weight in fuch a machine, muft 
be to the weight, in a ratio compounded of the rasia | 
which that power has to the weight which balances 


_ at by means ofthe axle in the wheel alone, and of the 


Exp. 1. 


ratio which that power has. to the weight, which 


balances the weight by means of the pulley alone. 


For inftance,\ if the nature of the pulley be fuch, 


as that a power equal to one tenth part of the 


weight balances it; and if the axle in the wheel be 
fuch, as that a power equal to one fifth part of the — 
weight can fupport it; the power which balances — 
the weight in the compounded machine, will be to 


the weight in a ratio compounded of one to ten, and 


of one .to five, that is, it will be to the weight as 
one to fifty; for, fince the weight is in effeét 
faftened to the axle of the wheel by means of the 
rope which goes round the pulleys, it is evident that 


the axle will be drawn by a force equal to that, 


which 
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which when applied to the drawing rope of the Le cr. 


pulley is requifite to fuftain the weight by means of 
the pulley, which force is by fuppofition equal to 
ene tenth part of the weight ; but that force at the 
axlé is balanced by a fifth part thereof applied to 
the wheel ; confequently, the power requifite to ba- 
Jance the weight in this machine, is equalto one fifth 
of one tenth part of the weight, that is, the power 


VHOL 


eee ome 


4s to the weight, as one to fifty, So that one ounce 


at the wheel will fupport fifty ounces at the pulley. 
_ Ifa machine be compofed of the lever, the axle, 
and the perpetual {crew ; the lever being thirteen 
inches long, and fixed at it’s center to an axle,where- 
On is a perpetual fcrew, the tooth whereof adapts it 
felf to the teeth of the wheel of an axle, the teeth 
of that wheel being twenty-four in number, and 


Exp. 2. 


the diameter of the axle belonging to that wheel _ 


equal to fix tenths of an inch; in fuch a machine 
the power being applied to one end of the lever, and 


the weight to the axle of the toothed wheel, the _ 


former will balance the latter, if it be in propor- 
tion thereto, as one to 5203; for if the lever to 
which the power is applied, moved’ round in the 
fame time with the axle of the toothed wheel 
whereunto the weight is faftened, the power would 
‘be to the weight, as the diameter of the axle to the 
length of the lever, that.is, as fix tenths of an inch 
to thirteen inches, or. in whole numbers, as fix to 
an hundred and thirty; but as there are 24 teeth 
in the wheel of that axle which fuftains the weight, 
‘and as the endlefs {crew moves but one of thofe 
teeth in each revolution of the lever, the lever 
muft go round 24 times-in order to turn the axle, 
which *fuftains the weight, once; upon which ac- 
count the power muft be to the weight, as one to 
24, which ratio of one to 24 being combined with 
the former’ of fix to 130, gives a ratio of fix to 


3120, or of one to 520; fo that an ounce weight’ 


being’ made to act with all it’s gravity atone end at 
ere 3 the 
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Lec. the lever in order to, turn it; round, which may be 


VIL. 


done by fixing a wheel to the lever, will balance a 


—wayr~ weight of 520 ouncesat the axle of the toothed 


Exp. 3. 


If to the laft machine one moveable pulley be 


added, it will: conftitutea machine of double. the 


force; for the ratio of {the power to the weight in 
the foregoing machine, being as one to 520, and in 
a fingle moveable pulley, asone to two; the ratio 
compounded of both, will be as.one to 1040; fo 
that in this machine an ounce will balance 86 
pounds 8 ounces; and if the ftrength of a man’s 


. hand be fuch, as that it can, without the affiftance of 


Pl. 4. 


an engine, fupport an hundred pounds, it will by 
the help of this machine fuftain 104000 pounds. _ 

In all that has been hitherto faid concerning the 
mechanick powers, the moving force and the 
weight or refiftance have been fuppofed to act in 
direct oppofition to one another. I fhall now-con- 
fider the effects of powers acting obliquely, and 
fhew in what cafes they balance each other..: 

And firft, if three powers acting in oblique di- 
rections, be to one another, as the refpective fides of 
a triangle formed by the concourfe of three lines 
drawn parallel to the directions of the powers ; 
thofe powers will balance one another. For in- 
ftance, if three powers drawing the point A in the 


direétions AB, AC, and AEF, be to one another, as 


the fides of the triangle ADE, or ADC, made by 

the concourfe of the lines AD, AE and ED ; or 
AD, CD, and. AC; which lines ‘are parallel to the 
directions of the powers; they will balance one an- 
other, and the point A will remain unmoved... 
For if the line AD be fuppofed to denote:a power 
equal to that which acts in the direction AB; but 
contrary thereto ; the. power denoted by AD will . 
draw the point A as forcibly towards D, as it is” 
drawn bythe oppofite power towards B.; confe- 
quently, there will be a balance between the two 
| ui: | powers 5. 


Or OBLIQUE POWERS! — ti4 
“ania but the power denoted by AD may be re- Lect. 
folved into two powers denoted by AE or CD, Vii ee 
and AC or ED; which two powers acting to- —\~— 
gether upon the point A in their proper direc- 
tions AE and AC, will draw it as ftrongly towards 
D, as it is drawn by the fingle power denoted by 
AD; as is evident from what has been faid concern- 
ing the refolution and compofition of motions and 
forces ; confequently, two powers which are as AF. 
or CD, and ED or AC, acting in the directions 
AE and AC, will balance the third power which 
isas AD acting in the direction AB; that is, two 
powers, which are as the two fides of a triangle, 
acting in dire¢tions parallel to thofe fides, ' will ba- 
dance a third power, which ts as the thitd fide, and 
which aéts in a direction parallel thereto ; and what 
has been thus proved in particular of two of the 
powers with regard to the third, is in like manner 
demonftrable of any two of the powers with refpeét 
to the other; confequently, any three powers 
which are to one another refpectively as the fides of 
‘a triangle, and which at in direétions parallel to « 
thofe fides, will deftroy each the others effect, and 
Yemain in 2quilibrio. “Toconfirm this by an expe- 
Timent ; let the fides of a triangle ABC drawn on py. ;. 
an horizontal plane, be as two, three, and four ; Fig. z- 
and let CE be parallel to the fide AB, and the fide Fp. 5- 
‘AC continued towards D. Let three {mall chords 
e joined together at C, and ftretched over three 
baileys in fuch a manner, as that one of them may 
cover the line CD, another the line CE, and the 
third the line CB ; this being done, if a weight of 
four ounces be hung to the chord which paffes over 
CD, and one of three ounces to that which covers 
CB, and one of two ounces to that ‘which covers 
CE, thete will be a balance ; the weights, which 
jn this cafe are the moving forces, being to one an- 
other as the fides of the triangle to which the direc- 
tions of the weights are parallel. 
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Lect. If the weight A hangs freely from one end of a 
“VII. balance, fo as to have it’s line of direction DA pers. 
\y~ pendicular to the arm of the balance; and if an- 
=. 4. other weight as_B,. be hung at the other end F, in 
a ee fuch a manner, as that it’s line of direction EC by 
paffing over a pulley at C may be oblique to the 
arm of the balance, the weight B muft be to the 
weight A when it counter balances it, as EC to 
CF, that jis, as radius to the fine of the angle 
CEF made by the oblique direétion of B_ with 
the arm of the balance; for if the whole force of 
gravity in the weight B acting in the direction EC, | 
be denoted: by the line EC, it may be refolved in- 
to two forces denoted by EF and FC, acting in the” 
directions of thofe lines, of which two forces, the 
_ latter only which aéts in the direCtion FC perpendi- 
cular to the arm of the balance withftands the force — 
of gravity in the weight A, the other force which — 
acts in the direction EF being intirely imployed in 
preffing the balance againft the axis of it’s motion ; _ 
fince therefore, that part of the weight B which — 
acts in oppofition to the weight A, is to the. whole” 
weight B, as FC to EC; it is manifeft, that in or- 
der tomake the weight B balance the weight A, it 
mutt exceed the weight A in the fame proportion — 
that the line EC exceeds the line FC; and thus it 
as found to be from experiments ; for if the pulley 
be fo ordered as that EC may be to FC as three 
to.two, then a weight of three ounces appended at 
E, will balance one of two ounces appended at D. | 
As a coro.Lary it follows, that the perpendi- 
cular diftances of the lines of direction from the 
- center of motion, are to one another inverfly as the — 
weights; for, if from G the center of motion be 
jet fall GH perpendicular to EC, that Jine will be~ 
_ the perpendicular diftance of the direction EC from” 
_G; and EG, equal to DG, is the perpendicular 
diftance of the direction DA; but the range 
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EFC and EFG are fimilar, becaufe. their arfgles Lect. 
at E are equal, and they have each a right angle ; VIII. 
confequently, as EC is to CF; fois EG to HG; wy 
but the weight B is to the weight A, as ECto FC, 
that is,asEG or DG.to HG;; fo that wherever.two 

powers, which act in oblique directions, are to one 
_ another in. the inverfe ratio of the perpendicular or 
fhorteft diftances of their lines of direétion from the 
center of motion, they muft balance one another ; 
whence it follows, that if two weights as A and B, PI, acgil 
be fufpended from two points as D and E in. the Fig. ¢. 
plane of a wheel placed in a vertical pofition; and 
iftheline DE which isdrawn through the twopoints _ 

of fufpenfion, paffes through C the center of motion, 

the weights will balance, provided they be to.one 

another inverfly as the diftances of their points of 
-fufpenfion from the center of motion, thatis, if A 

be to B, as CE to CD; for fince the weights hang 

freely, their lines of direction DA and FB wil 

be perpendicular to the horizon, and of confequence, 

parallel to each other ; wherefore, if the line HCF 

be drawn through the center of motion perpendicular 

to the two lines DA and FB, the triangles DHC 

and ECF will be fimilar, confequently, DC will 
be to EC, as HC to FC ; but by fuppofition, the 

weight A is to the weight B, as CE to CD; that 

is, as CF to CH ; fo that the weights:are to one 

another inverfly as the perpendicular diftances of 

their lines of direction from the center of motion ; 
confequently, they mutt balance ; and though the 

wheel fhould be turned upon it’s axis, and the di- 

ftances of the lines DA and EB from C be.thereby 

altered, yet will the fimilarity ofthe forementioned 
triangles continue, and of confequence the balance 
between the weights will be preferved ; as.will ap- 

pear from the following experiment. Leta weight Exp. 4, 
of one ounce be fufpended from the point D, and 

another of two ounces. trom the point E 5,,.DC be- 
= py ing 
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Lect. ing to EC, as two-to one, that is, inverfly as the - 


VI. 


weights, there will be a balance, and the wheel 


wry will continue at reft. And if by the force of the 


~_ 


ig how's 
Fig. 6. .{%) 


hand it be turned about it’s axis either to the right 
from I towards K, or to the left towards M, the 
balance will ftill continue; andthe wheel will re- 
main unmoved when the hand quits it,’ whatever 


-, be it’s pofition. A a 


_ If the points of fufpenfion D and E, be fo po- 
fited, as that the right line DE which joins them, 


does not pafs through C the center of motion; let that 


line be divided any where as in G by another line — 
as IL, paffing through the center C, and there will be. 
a balance, if the appending weights be to one ano- 
ther inverfly as the parts of the line DE, that is, if - 


- Abe to. B as EG to DG, provided the pofition of 


the wheel be fuch, as that the line IL may be ey 
pendicular to the horizon ; for fince the lines EF, 
GG, and DH are parallel, FC is to HC, as EG to 
DG; but by fuppofition, as EG is to DG, fois 
A.to B;-wherefore A is torB, as FC to HC) that 

is, the weights are inverfly as the perpendicular di- 
ftances of their lines of direétion from the center of 
motion, confequently, their moments are equal ; but 
if by turning the wheel about it’s axis the line IL 
be put-out‘of- it’s perpendicular pofition, the ba-. 
lance will*be deftroyed ; becaufe, in that cafe, one 
of the lines of dire¢tion wil approach nearer to — 
the’ center of motion, whilft the other recedes 5 
and of courfe their perpendicular diftances will not 
continue in the inverfe ratio of the weights ; for if 
the wheel be moved upon it’s axis from I towards K, © 
fo'as to have the line SCR perpendicular to the plane 
of the horizon; the line of direction DA will ap- 


' proach towards the center fo as to become DP, and 


“it’s perpendicular diftance from the center of moti- 


on’ will be NC, whilft the-other line of direction 
recedes-as far'as EQ, and it’s perpendicular in | 
Bah pth - from | 
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from Cibecomes equal to. OC; for which reafon Leer. 
the weight B mutt preponderate, and:move the VIII 
wheel about it’s axis im the direction IKL. wad 
And as'the wheel continues to move in that direéti~ 
on, the direction’ of the weight: A willapproach 
nearer and nearer to the center of motion, and at 
length pafs beyond it, fo as to be on the fame fide 
with the direction of the ‘weight By; fo that the 
wheel will then be «moved by the joint force of 
both weights, and continue fo to be, till fuch time 
as the direétion of the weight B, getting on the 
other fide of C, B begins to'aét im oppofition ito Ay 
and at Jength the point I; being brought into the 
‘place of L, the sweights. do :again ‘balance » each: 
other, the line DE being: divided by the perpendis 
cular line IL in the reciprocalratio of the: weights.) 

To confirm'what has) been faid by an €xperimenty, ‘Exp. 83 

let the line DE in the plane of a wheel, be divided! 

th G by the line IL in fuch’a manner, as that DG 

may be double of EG; then’ fetting! the: liné IL 

perpendicular, Jét a weight of'one ounce: be hung - 

from D, and another of two ounces from /E, and 

the wheel will remain unmoved; Jet then:the wheel 

be turned a little upon it’s axis, either to the right: ° 

hand or to’ the left; in. the: former cafe, the two: 

ounce weight will prevail, and: carry. the wheel: 

downward to the right hand, but in the Jatter ther 

{maller weight will preponderate, and make the: 

wheel to revolve towards the left. : | 

_ If the line DE be divided in another point as T, Exp. 9: 

by the line SR, fo as that DT may be’one third of 

ET; and ifa weight of three ounces be fiifpended’ 

at D, andanother of one ounce at E, the fame 

things will happen as in the former experiment ; 

for the line SR being placed vertical there will 

be a balancé ; and upon moving it out a that: 

postion the balance will be deftroyed. 

If the crooked lever FCD be fo bidded on it’s Pl. 4, 

Prop <i -ag that the arm CF may be parallel wiki Fig. 7 

i 12 the 


\ 
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Lect. the plane of the horizon, and the arm CD inclined — 


VIL. 
a ad 


thereto ; if two weights as B and A appended at | 
D and F, be in the reciprocal proportion of the 
perpendicular diftances of their lines of dire¢tion 
from the prop ; thatis, if B be to A as FC to EC 
there will be a balance; for as long as the arm CF 
continues parallel to the horizon, the weight B hang- 
ing from the point D acts inthe fame manner in 
oppofition to the weight A, as if it hung from E 
the extremity of the ftrait lever FC continued on 
to FE, in which cafe the weight B that balances the © 
weight A muft bear the fame proportion to it that. — 
FC does to EC; if therefore the arm DC be bent — 
in fuch a manner, as that EC may be one half or — 
one third of FC in the former cafe a weight of two ~ 


- ounces, and.in the latter one of three ounces hang- 


ing from D will be counterpoifed by one ounce 
hanging from F. | 
If by moving the lever, the arm FC be put out. 
of it’s parallel pofition, the balance will be deftroy- 
ed; for that cannot be prefervedy unlefs the. di- 
ftance of 'B’s direction from the prop continues to — 
bear the fame proportion to the diftance of A’s di- 


‘ re€tion, that EC does to FC; which in this cafe is 


impoffible ;: for firft, if the point F be moved up- 
ward towards H, and of courfe the point D down- 
ward towards G, it. is manifeft, that the diftances 


of both direétions will be leffened ; but the decreafe 


of EC in a given time will bear a greater propor- 
tion to:the decreafe of FC, than EC does to FC; | 
for by that time the point D has moved from D, to’ 
G through the arch DG, which meafures the angle of 
CD’s inclination, EC will vanith; whereas FC — 
cannot vanith till fuch time asthe point F has moved 

from F to M through the quadrantal arch FM; but — 
in the fame time that the point D moves from D to 

G through the arch DG, the point F can move only. 


from F.to H through the arch FH fimilar to DG; — 


which arch being always lefs than the quadrant, the 


perpen- 
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perpendicular diftance of A’s direction from the prop, Lect. 
to wit FC, will not vanith upon the arrival of the VIII. 
point F at H, that is, it will not vanifh fo foon as———v——= 
-EC; confequently, the decreafe of EC in a given 
time muft bear a greater proportion to the decreafe 
of FC, than EC does to FC: wherefore EC as 
diminifhed in any given time, will be to FC as di- 
minifhed in the fame time, in a lefs proportion 
than that of EC to FC; or in other words, the 
perpendicular diftance of B's direction from the 
prop will bear a lefs proportion to the perpendicu- 
lar diftance of A’s direction, than EC does to FC; 
and therefore, the weight A will preponderate. If 
the point F be moved downward, and confequent- 
ly D upward, it is manifeft from the infpection of 
the figure, that the diftance of A’s direction from 
the prop continually diminifhes, at the fame time - 
that the diftance of B’s dire¢tion increafes ; and 
therefore the weight B muft in that cafe over- 
balance the weight A. | 
If FCD be a crooked lever placed as the aft, Pl. 4. 
and if a\weight, inftead of being hung from the Fig: 3. 
arm DC, ‘be laid thereon at D, and by a vertical — 
plane, as HK, fet clofe to it, be hindered from 

falling off ; from the point D whereon the weight 
refts, let the line DE be drawn perpendicular to the 
‘arm FC continued on towards G; the weight at D 
will be balanced by the weight A hanging freely 
from F, provided the weight D be to the weight 
A, ina ratio compounded of EC to CD and of 
FC to CD; that is, as a rectangle under EC and 
FC the perpendicular diftances of the directions of 
the two weights from the prop, to the fquare of 
CD the‘ inclined arm of the lever. For whatever 
be the moment wherewith the weight A preffes 
down the arm FC, the arm DC muft with an 
equal moment be preffed upward, and with it the 
weight D. in the direction DG parpeavicniar a 
er I 3 ’ 


o 
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Lect. CD; and forafmuch as the fame weight prefies per- 


Or OBLIQUE POWERS. 


VHL  pendicularly againft HK the vertical plane, it mutt ? 
“ey be’ prefled backward by the fame in/an horizontal 


direction ; and.at the fame time it mutt have a ten- 


_ dency downward from the force of gravity inthe di- — 
rection ED; fo that it is acted upon by three forces _ 


im the directions DG, GE and ED 3° in order 


_ therefore ‘to a balance, the ‘forces muft be as the © 


Exp. 10. 


|. Exp, 1h. 


fides of the triangle DGE ; and the force of gravity 


which: preffesit in the direétion FD; muft be to the - 


force prefling it in the direction DG, as ED to 
DG, or, becaufe the triangles DGE and CDE — 
are fimilar, as EC to CD ; but as the force which _ 
prefies it in the direction DG is of equal moment — 


with the weight A, that force muft be to the weight 


vity in the weight D muft be to the force of gravi- 


‘ 


A, as FC to CD; confequently, the force of gra- 


ty in the weight A, that is, the weight D muftbe ~ 
to the weight A, in a ratio compounded of EC to — 


CD and of CF to CD, or as the rectangle under 


CE and CF ‘ta the {quareofCD.+'Té. confirm & 


this by experiment, let a crooked lever as FCD 


confift of equal arms, and let it be bent in fuch a 


manner as that EC may be to CD, as one to two; | 
and let a weight of one ounce be Jaid on at D, and © 


another of two ounces be ‘hung from F, and they 


will balance ‘each other ; for in this cafe the pro- — : 


duct of EC which is as one, into CF which is as 


two, will be two; andCD being as two, the fquare — 
thereof will be four; fo that the rectangle under | 


EC and CF, is to the fquare of CD, as two to 


four, or as one to two 3 in which proportion there- 


fore the balancing weights mutt be, 


fo that’ EC, CD, ‘and CF “are as one, two, and 
four ;.a weight of one ouncé at_D will be balanced 


All things remaining as in the laft experiment, — 
excepting that the arm CF is as long again as CD, — 


by one ounce hanging freely from F ; for CD be- i 


ing 


Or OBLIQUEPOWERS) _— ia 
ing as two, it’s fquare is four; and the produ of Lz er. 
EC, which is as one into FC, which is as four, is VIII. 
likewife four. | oe 

In wheels turned by the force of water falling Exp. 12, 
upon them from an height, and which on that ac- 
count are commonly called overfhot wheels, the 
moving power is partly the percuffive force of the 
water which falls into the uppermoft bucket, and 
partly the gravity of the water contained in the 
other buckets, which are lodged on the rim of the - 
uppermoft quarter of the defcending ‘part of the 
wheel ; and the effects which thefe forces have up- 

_ on the wheel are greater or lefs in proportion to their 
abfolute quantities, and the diftances of their lines 

_of direction from the center of the wheel. Thus, p, 4. 

~ where AIOP reprefents an overfhot wheel,C it’s cen- Fig. 9. 

ter,K, L, M, N, four buckets fixed on the uppermott 

quarter of the defcending part of the wheel; AB \ 

the direétion of the water flowing into the upper- 

moft bucket K, CB the perpendicular diftance of . 

that line from the center C;DE, FG, and fly .. 

the lines of dire¢tion’ of the centers of gravity of 

the feveral portions of water contained in the buc- 

kets L, M,N; CE, CG, and CI, the perpen- 

~ dicular diftances of thofe lines from the center C. 

The force of the water flowing into K is propor- 

tional to the quantity flowing in in a given time, as 

alfo to the velocity wherewith it flows, and the di- . 

ftance of it’s line of direétion from the center 5 and 

- therefore, where the quantity and velocity are given 

the force will be as BC the perpendicular diftance of 

AB the line of direétion, from C the center of mo- 

tion ; confequently, the nearer AB approaches to 

the tangent in the point A, or the more obliquely 

- the water flows in upon the wheel, the greater will 

it’s force be. The portions of water contained in 
the buckets L, M, N, have different forces accord- 
ing to their different quantities, and the different 
diftances of their lines of direétion from the cen- 

vet2 3... | 14 ter 
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L gc. ter C, their quantities being greateft, when the di: _ 
VIII. ftances of their directions are leaft, for the buckets 
‘erry? empty as they defccnd ; fo that their force leffens as 
they defcend, ‘by reafon of the diminution of their 
quantities, but at the fame time it likewife increafes — 

on account of the increafe of the diftance of their 

lines of direétion from the center of motion ; fo 

that upon the whole, the force in each bucket may 

be looked upon as invariable 3 but whether this be 

fo or not, certain it is, that if the wheel be truly. 
centered, and the buckets be equal and alike, and 

if the water flows in uniformly, the whole moving 

force muft continue the fame as long as the wheel 
continues to. move; and fince it acts inceflantly, 

the motion of the wheel muft be continually acce- 
lerated, and that uniformly ; and thus it would 
be, were it not that when the wheel arrives at a cer- 

tain degree of velocity, the refiftance which is gi- 

ven becomes fo great as to deftroy the increments 

of motion as faft as they are generated by the 
moving force ; by which means the wheel is made 

to revolve with one uniform velocity, which is the 
greateft that can be given i by that moving 

power. J 7 | Ho 

PL. A plane as AB placed obliquely to BC, which 
Fig. 10 reprefents an horizontal plane, is called an inclined 
plane; the angle ABC is called the angle of eleva~ 

tion, and it’s complement BAC the angle of incli- 

nation, the line AC perpendicular to BC is called 

_ the height of the plane, and AB.it’s length. Ifa 
weight as P be laid on an inclined plane as AB, and 

be thereon fuftained by a power acting ina direction, 

as PF, parallel to the inclined plane ; inorder toa 
balance, the fuftaining power muit be the weight, 

as the height of the plane to the length thereof, that 

is, as AC to AB, or, putting BA for the radius, 

as the fine of the angle of clevation to radius ; for 

the weight P is ated upon by three powers in dif- 

ferent directions, the firlt of which. is the force of. 

ssa gravity, 


Or OBLIQUE POWERS, — ray 

gravity, which preffes it downward in the diretion Lip cr, | 
PD perpendicular to BC; the fecond is the power VIII. | 
which draws it in the direétion P F parallel to BA ; GARY 
and the third is the plane BA, which does as it were 
prefs it upward in the dire@tion P H perpendicular 
to BA; for as the weight P prefles the plane ina 
direction perpendicular thereto, it is reacted upon 
by the plane in a contrary direGtion. If therefore 
the line EG be drawn parallel to. PD, the fides of 
the triangle P E G will be proportional to the three 
powers, and the force which fupports the weight on 
the inclined plane, and which aéts in the direction 
PF, willbe to the abfolute weight of the body act 
ing in the direction P D paralleltoG E, as PG to 
GE; but inafmuch as the triangles PEG and CBA 
are fimilar, as PG is toGE, fo is AC toAB; 
confequently, the power neceffary to fupport a 
weight on an inclined plane mutt bear the fame pro- 
portion to the weight fuftained, that the height of 
the plane does to it’s length ; which is confirmed by 
experiments ; for if a weight of four ounces be laid Exp. 13. 
on a plane whofe length is to it’s perpendicular 
height, as two to one, it will be counterbalanced by. 
a weight of two ounces, provided the whole gravity 
thereof be made to aét in drawing the other weight 
in a direction parallel to-the inclined plane, which 
may be done by faftning one end of a cord to the 
greater weight, and then ftretching the cord along 
the plane, fo as to keep it parallel thereto, and 
pafiing it over a pulley at the top of the plane; for 
the fmaller weight being tied to the end of the cord 
which lies beyond the pulley will hang freely, and 
for that reafon aéts with all it’s gravity in a‘direction 
parallel to the plane. 

The fame weight of four ounces being laid on Exp. 14. 
an inclined plane whofe length is to it’s height as 
four to one will be fuftained by a weight of one 
ounce hanging freely as before. bs 

Hoe The 
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Lect... The force wherewith a, body refting on ap-in- 


VII. 


wy~ body, as the fine of the angle of inclination to ra- 


Pl. 4. 
Fig. 11. 


the weight of the body ; but from the fimilarity of © 


Or OBLIQUE POWERS. 
dius; for in the triangle PEG, PE denotes the 
force wherewith the body preffes the plane, and GE 


clined plane preffes the fame, is to the weight of the 


; 
a 


the triangles, as PE is toGE, fois BC to BA; and — 
putting BA for the radius, BCis the fine of BAC the : 
angle of inclination; wherefore as BC. the fine of © 
the inclination is to the radius A B, fo is the force 
wherewith the body prefles the plane to the abfolute 
weight of the body. Hence, if uponan inclined lever 4 
as AB, refting on the two props A andB, a weight — 
be laid any where as at P, it willbe eafy to deter- _ 
mine what proportion of the weight each prop bears; — 


for drawing the. horizontal line A E equal in length | 


of the lever; confequently the whole weight of | 


+ yizontal, fo as that the body might prefs it with all 


~ cerning the fecond kind of lever; but as in the in-_ 


to AB, and from the point P whereon the weight © 
refts letting fall P D perpendicular to AE, if AE 
be fuppofed to denote the whole weight of the body - | 
AD will denote that part of it which is fuftained — 
by the uppermoft prop, and D E that part which 
is fupported by the lower; for if the lever was ho- 


it’s gravity, the whole weight of the body would be 
to that part of it which preffes the prop B, as BA 
to PA, as is evident from what has-been faid con- — 


clined pofition of the lever the whole weight of the 
body does not prefs.upon it, that part of the weight | 
which the prop B fuftains in the horizontal pofition, 
mutt be to the part fuftainedin the inclined pofition, 
in the fame proportion with the abfolute weight of 
the body to the force wherewith it preffes the in- 
clined plane, that is, as P A to AD; for putting, 
PA for the radius, AD. is the fine of the inclination — 


the body mult be to that part which prefles on the 
prop B inthe inclined pofition of the lever, ina ratio 
ne ; compounded 


a, t | 


| Or FRICTION, | ¥29 
compounded of BA'toP A, and of PA to AD, 7 2; 
that is, it muft beas BA to AD, or becaufe A'B 
and AE are equal, as AE to A D; and of confe- 
quence the part fupported by the other prop A mutt 
DOe VERS osii5 Bey © 

Fence it follows, that if two perfons carry a 
Joad fixed upon a lever, the load being placed be- 
tween them, which is the cafe of chairmen, upon 
defcents the foremoft man will bear the greateft 
burthen, and upon afcents the hindermoft.. It like- 
wife follows, that in coaches and all other four- 
wheel carriages which have the foremoft wheels 
_fmaller than thofe behind, the load: mutt be thrown 
more upon the former than the latter; what effe@ 
this has upon the draught,fhall be fhewn in my next 
mettures | fe gale 


LECTURE IX, 
OrFer Ier10N. 


N my laft lecture I thewed you what force is Leer. 
] requifite to fuftain a body on an inclined plane. x, 
If a body be laid on a plane parallel to the horizon, med 
it does not ftand in need of any force to fupport its . 
for as the direction of gravity is perpendicular to 
the plane of the horizon, the whole weight of the 
body muft be fuftained by the horizontal plane 
whereon it refts: whence it follows, that if any 
power endeavours to move a body refting on an ho- 
‘nizontal plane ina direction parallel to the plane, it 
will meet with no refiftance from the weight of the . 
body,that being entirely taken off by the reaétion of 
the plane whereon the body preffes; but arefiftance ° 
will arife from the attrition of the body againft 
the plane; for the furfaces of all bodies whatever, 
€ven fuch as are of the fineft polith, being in fome 
BREEN IN YS 3 | meafure 


~ 
, 


Or FRICTION. 


Lec T. meafure rough and unequal, (as is evident from the — 


IX. 


obfervations that have been made by the help of mi- . 


Wray crofcopes) when a body is moved upon a plane, 


the prominent parts both of the body and plane 
mutt of neceffity fall into each others cavities, and 
thereby create a refiftance to the motion of the bo- 
dy, inaf{much as the body cannot be moved unlefs 
the prominent parts thereof be continually raifed 
above the prominent parts of the furface whereon It 
flides ; and this cannot be done unlefs the whole bo- | 
dy'be at the fame time lifted up, and as it were 
raifed on an inclined plane equal in height to the 
forementioned protuberant parts; upon which ac-— 
count the moving power mutt fuftain fome part of 


- the weight of the body, even in moving it along an — 


Exp. he 


fo loaded as that it’s own weight,together with th 


horizontal plane. \ But as this is occafioned by thes 
inequalities in the furface, if thofe were intirely ta- 
ken off, fo'as to leave the furface perfectly {mooth — 
and even, the'refiftance arifing from fri€tion would 
likewife be removed; and fetting afide the refift- 
ance of the medium, the fmalleft force would be 
fufficient to move the moft ponderous body along 


- an horizontal plane. But fince there are not in na- 


ture any bodies, whofe furfaces are perfectly equal ; 
there will ever be fome refiftance arifing from fri€ti- 
on; which refiftance will remain unvaried what- 
ever be the magnitude of the furfaces that rub one 
againft the other, provided the weight which pref- 
fes thofe furfaces together, as alfo the roughnefs of 
the furfaces continue the fame ; for the fame weight 
will ever require the fame force to raife it over pro- 
minences of a given height, whatever be the mag- 
nitude- of the furface whereon the weight refts ; 


“confequently, the quantity of refiftance will not be 
_-yaried by varying the magnitude of the furface ; 


which may be confirmed by the following experi- 
ment. Let four pieces of polifhed box be laid on 
a polifhed horizontal plane, and let each piece be 
at 
of 


~~ Or FRICTION. re apes 

of it’s load may be 6685 grains, and let the bafis Lec r. 
of one be two inches long, and half an inch broad, IX. 
and thofe of the other three, be each four inches --~v—~“ 
in length, but let their breadths be half an inch,’ 

an inch, and an inch and an half, fo that the mag- 
nitudes of the bafes may be as one, two, four, and. 

fix; let then a {mall cord be faftened to the end of 

each piece, and by paffing over a pulley, be kept. 

in a pofition parallel to the plane, and a weight of, 

2030 grains hanging from the end of the cord. 
which lies beyond the pulley, will juft fuffice :to 
move each piece along the plane; fo that the re- 
fiftance arifing from friction is the fame in each: — 
piece, notwithftanding the different magnitudes of 
the furfaces whereon they reft, =). binintyi 

If the roughnefs of the furfaces whereon. the bo- Exp. z. 

dies move be given, the refiftance arifing from fric-) , 

tion will vary with the weights of the bodies, and 
be proportional thereto ; for if a certain force be 
fuficient to raife a certain weight over prominences 

of a given height, it is manifeft that a double or 

triple weight will require a double or triple force to 

raife it to the fame height. If therefore the pieces 
of box be fo loaded, as that each of them with it’s 

load may weigh 13370 grains, that is, as much 

again as in the laft experiment, a weight of 4060 
grains, that is twice as much as before, will be ne- 
_ ceflary to move them along the fame plane. 

If the roughnefs. of the furface whereon a body 
moves be increafed, the refiftance will likewife in- 
creafe, though the weight of the body remains the 

fame; but as the degree of roughnefs, in any fur- 
face cannot otherwife be determined than by expe- 
riment, fo neither.can the refiftance arifing there- 
from; if the plane made ufe of in the laft experi- Exp. 3. 
ments be thinly covered with fine fand, the refift- 
ance will thereby become greater.in the proportion, 

of about five to four; for the fame pieces. of box. 
which were fet a going by 2030 grains when the. 

git : plane 
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q 


Lic T. plane was free from fand, will in this cafe require 1 


Ix. 


enya ‘To avoid as much as poffible the refiftance ari-. 


2500 grains, that is about one fourth more. 


fing from friction, ‘which in rough and uneven — 
roads muft needs. be very great, WHEEL CAR=~ 
R1AG£S have been contrived ; the advantages where- 
of I fhall endeavour to explain to you, but ‘I hall” 


firft fhew. you from what caufe it is that wheels. 


turn round during their progreffive motion along a — 
plane. If a wheel as ACB playing freely on the 


axis at A, be lifted off the plane BD by a power’ 


applied to the axle, and be carried in any direétion — 
whatever, it will not revolve about the axle; for 
fince in all wheels that are truly made the axle pafles 
through the center of gravity, it is evident, that — 


in this cafe the wheel is fufpended by it’s center of — 
' gravity, and of confequence will not of it felf 


change it’s pofition, but each point thereof will de- 


{cribe a line parallel to the dire€tion of the moving’ — 


power. without any rotation about the axle, in the 


very fame manner as if the wheel was fixed to the’ 


axle ; but if one point of the wheel as B refts: up-' 
on the plane BD, and if a power applied to the — 
axle draws the wheel in any direction as A’Py fo as 


to move it along the plane BD; the motion of the 
point B will be retarded by the refiftance arifing: 


from friction, whilft the point C, which meets'with — 


no refiftance, is carried forward without any tetar~ 
dation of it’s motion, and confequently muft move 


forward fafter than the point B ; but as all the parts” 


of the wheel cohere, the point C cannot move for- — 


ward fafter than the point B, unlefs the wheel re~ 
volves about it’s axis from C towards E.; and as the 
feveral points of the wheel’s circumference, which 


are fucceffively applied to the plane, fuffer a retar=. 
dation in their motion whilft the oppofite points: 


move freely, the wheel, during it’s progreflive mo-' 


tion along the plane, muft continue to revolve’ . 


about it’s axle © . . , 7 
od By 
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~ By this rotation of .wheels about’ their axles, the Lee t,'- 
refiftance arifing from friction is ‘very much dimi- “IX. | 
nifhed, and draughts thereby rendered moreé eafy; for —\— 
in plain roads, where the height of the prominént 

‘parts is inconfiderable with refpect to the diameter 

of the wheel; the parts of the revolving whéél 

which apply themfelves’ fucceffively to the road, 

tay be looked upon'‘in fome meéafute as defcéndiag 

upon the minute prominences, ‘and of courfe mutt 

pafs ovér them without any. confiderable friction. 

‘And, fo much is. the refiftance arifing from friétion 
diminithed in wheel carriages, that if upon the fame pxp. 4... 
plane whereon the ines of bok, were'drawn; acat- 
Yiage be laid with’ four equal wheels, each thrée 
Quarters of an inch in diameter, and‘loaded in fuch 

a manner, as that the weight of the carriage. and 

load may amount to 6685 grains, which was the 
‘weight’ of each piéce of box with it’s load, it will 

be fet a going bya weight of 426 grains drawing 

it horizontally, whereas 2030 grains were requifite 

to move the pieces of ‘box along the fame plane. 
~ From this exp erimentit appears, that the friction 

is very much iefeedby means of wheels ; which 
diminution is not ,to be attributed to the wheel’s 
touching the plane ‘in afew points, as may poffibly 
be imagined, but to the rotation of the wheels, for _/\ |. 
if the wheels of a carriage loaded as before be made 

faft ta the axle, fo as not to revolve in their motion, Exp. 5. 
2030 grains will be neceffary to fet the carriage a 

going, that is juft as much as was requifite to move 

the pieces of box. RAN TOCA 

_ As wheel carriages in general meet’ with lefs re- 

fiftance in their motion than any other,. fo thofe of 

larger wheels, cztevis paribus, are lefs refitted than 
thofe of fmaller; for the proof wheréof, it will be 
neceflary to premife two. Lemmas; the firft of | 
which is, that the fecanis of angles are to one another Pi. 4. 
inverfly as the fines of their complements, that is- AD, Fig. 13- 


twhich is the fecant of BAD; iste AC, which is the 
|) ara fecant 
/ 


‘~ 
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Lect. fecant of BAC, as AF, which is the fine of the come 
| IX. plement of BAC, to AH, which is the fine of the com- 
vor plement of BAD.. For from the nature of fimilar 


Ph. 4. 
Fig. 14. 


triangles AD is to AC, as AE to AK, thatis, as 
AE to AG; but AF isto AG, as AF to AH; 
| confequently, AD isto AC, as AF toAH. 


The fecond Lemma is, that if two arches of un- 


equal circles have their verfed fines equal, the arch of 
‘the leffer circle is greater in proportion to the whole pe- 


vipbery, than the arch of the eater circle; or in 


other words, the angle meafured by the arch of the 
leffer circle, is greater than the angle meafured- by the 


arch of the greater circle. Let HF and DB be two 
arches of unequal circlés, whofe verfed fines FG 
and BC are equal; I fay, the angle HEF is greater 
than the angle BAD; for fince EF is lefs than AB, 


‘and GF and CB are equal, EF is to GF in a lef 


Pl. 4. 
Fig. 15. 


proportion than AB to CB; confequently, EG is 
to EF in a lefs proportion than AC to AB, that is 
the fine of the angle GHE, 1s lefs than the fine of 
the angle CDA, and of courfe the angle GHE is — 
lefs than the angle CDA 3 confequently, the angle — 
HEG, which is the complement of the leffer angle 
GHE, 1s greater than the angle DAC, which is the 
complement of the greater angle CDA. 
_ Thefe two temas being premifed, lee HM 
reprefent a plane whereon move the two wheels 
ABH and KLR, which are of different magni- 


tudes, but equal in weight, and let BC and LM be 


two obftacles of equal heights, and of fuch a na- 
ture as that the wheels cannot otherwife pafs than 
by furmounting thofe obftacles; the forces requifite 
to draw the larger wheel over the obftacle BC, is lefs 
than what is requifite to draw the leffer wheel over 
the obftacle LM equal in height to the former ; for 
fince the wheels revolve in pafling over the points B 


_ and L, their centers of gravity A and K may be 


looked upon as revolving about the fixed points B- 
and L, and defcribing the arches AF.and KP; 
: | confequently, — 


a 
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‘confequently, the forces which move the wheels Lz cr. 
may be looked'upon as drawing them upon inclined IX. 
planes, whofe directions coincide with the directions s~Ay~wY 
of the curves in the points A and K, that is, they 
“coincide ‘with the tangents AE and KO; which 
‘tangents being parallel to the tangents of the wheels 
‘in'the points B and L, that is to fay, to DB and 
“NL, the centers of gravity of the two wheels, and 
sconfequently, the wheels themfelves may be looked 
saponas drawn up the inclined planes DB and NL; 
“but fince the wheels are fuppofed to be equal in 
weight, the forces which fupport them on_ the in- 
clined planes DB and NL, the height whereof is 
given, smuft be-to one another inverfly as the 
lengths of the planes ; that is, the force which fup-. 
ports the larger wheel on the plane DB, muft be to 
the force fupporting the fmaller wheel on the plane 
NL, as N Lto DB; that is, putting BCor LM 
for the radius, as the fecant of the angle NLM to 
‘the fecant of the angle D BC; or, becaufe KS and 
LM, as alfo AI and BC are parallel, as the 
fecant of the angle KSL to the fecant of the 
‘angle AIB,; but, from the nature of fimilar 
triangles, the angle K SL is equal to the angle 
“KLQ, ‘as isalfo the angle AIB to the angle ABG; 
and therefore the force which fuftains the greater 
wheel on the inclined plane D B, is to the force ful- 
‘taining: the leffer wheel on the inclined plane N L, 
“as the fecant of the angle KLQ to the fecant of the 
sangle ABG; but, by the firft. Lemma, the fecant 
of K-L.Q is to the fecant of A BG, as the fine of 
BAGto-the fine of L:K Q; and, by the fecond 
Lemma, the fine of BAG is lefs than the fine of 
LKQ; confequently, the force which raifes the 
‘greater wheel over the obftacle BC, is lefs than the 
force which raifes the leffer wheel over the obftatle 
“LM equal in height to the former; but the forces 
requifite to make the wheels furmount the obftacles 
are the meafures of the refiftances, and therefore, 
nels iio | ae  caberis 


~ 
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Lec t.ceteris paribus, the greater wheel muft: meet with 
lefs refiftance from the fame obftacle than the {mal- 
t\—~——/ ler. Toconfirm this by an experiment; Jet an ob- 
ftacle one tenth of an inch in height be fixed on an 
horizontal plane, and clofe behind it let there be © 


“OEX. 
Exp. 6, 
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placed the carriage with four equal wheels, each 


three quarters of an inch in diameter, and if it be 
loaded in fuch a manner as that the weight of the 


catriage and load may amount to 6685 grains, it 
will not be raifed above the obftacle by lefs: than 
28450 grains drawing it in a direction parallel to the 


plane; whereas if four wheels, each an inch and 
an half in diameter, be fitted to the fame carriage, — 
the weight of the whole being the fame as before, — 


it will be raifed above the obftacle by 2050 grains, © 


_ that is, by 800 gtains lefs than were requifite to 


raife it with the fmaller wheeis.  * 


_. From this experiment it appears, that the refift-_ 
ance which larger wheels meet with in furmounting — 
obftacles, is lefs than the refiftance given to fmaller 


wheels by the fame obftacles; and from what has 


been demonttrated it is evident, that the refiftance — 
given to the greater wheel is to the refiftahce given 


_to the fmaller, as the fine of an angle meafured by 
an arch of the greater wheel, to the fine of an 


-angle meafured by an arch of the fmaller wheel, 


-the verfed fine of each angle being equal to the 


height of the obftacle ; fo that putting R and r for 


the radii of the two wheels, and x for the verfed fine — 


or the height of the obftacle, it follows from the 
/ 2 RX—XX 


nature of the circle, that as ——— is to 
Rit aaa 


af 21X—-xXX 


wheel to the refiftance given. to the fmaller, or di- 


7 2R—x of 21r—x 


3 proportion 


fo is the refiftance given to the larger 


viding by x3, as R to” , 5 but as the 
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Proportion of thefe fines is not fixed, but varies with Lz ¢ Ty 


the height.of théobftacle, fo likewife muft the pro- 


portion, which the.réfiftanee given: to. ythe greater eyed 


wheel bears to the refiftanee. given tothe, fmaller ; 
and all that can be determined in this cafe is; that 
larger wheels ever meet, with lefs . refiftance in fury 
mounting. obftacles:than fmallers and that the dif- 
proportion between the refiftances fuffered by each 
wheel;:-iticréafes with; the’: height, .6f-, the: obftacle. 
Indeed where the: obftacle vanifhes, ,which |.is the 
cafe when wheels move upon planes, the expreffions 
for the refiftances,; and: confequently the-refiftances 
$1 2i 1 I: vd Deonsb syiok or? asonkm oi! : 
 themfelves, sare as-tttand Tim that ig; thie. tes 
anittiqon al eaofdk V¥ TeHtidw TV bas VT 
fiftaricesare inverlly asthe {quare roots of the femis 
diameters of the wheels; fo that where the heighits 
of the wheels; ate “as: orie ‘and: two, the forces tes 
‘quifite to drawsthem’ along the: fame’ horizofital 
plane, are’ as‘fourteen and ten, thatis, inverfly ag 
the fquare roots of one and two, which is confirni- 
éd by éxpériments:; forwhereas the catriage whofe 
wheels are three quarters ‘of an inch. in. diameter, 
-_fequired 420 grains to move it along the horizontal 
plane, the weight of the'carriage and load being 
6685 grains the carriage’ whofe wheels are 17 
inch in diameter, when loaded in fhe fante manner, 
will be fet a going by 300 grains; but 420 is to 
300, aS 14 to 10, that isy the» forces requifite to 


move the two carriages: along the fame plane, ar¢ ~ 


inverfly as the {quare roots of the heights of | the 
weights. N&2 I3E03 ab oui 1B Ooh : ido 4 

. If the nature of the obftacle; be:fuch; as to be 
bore down: by the preffure.of-che wheel, the larger’ 
‘wheel will in this refpect likewife have the advan- 
tage over the fmaller, and deprefs the obftacle with 


greater force. For let LK be:continued to F, fo pr. 4. 
that T Limay be equal to: AB; and fince the wheels Fig. 13+ 


are fuppofed to be equally weighty, Jet’ A Band 


1S” 
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Lecr. T Lexprefs the abfolute ‘forces of the two wheels 
IX, acting againft the obftacles in the directions:AB and 
‘em yeenied KI; it is evident from what has been faid concern- 
ing the refolution of forces, that the force denoted 
y AB may be refolved into two forces ;one where- 
oF may be denoted by AG, and the other by:G B, 
whereof A G alone acts in depreffing the ‘obftacle 
BC, inafmuch as it bears:directly down upon? its 
whereas the’ other force denoted by GB, inafmuch 
as it’s direction is perpendicular to the obftacle, may 
thruft it forward, but can contribute nothing -to- 
wards preffing it downward from: B towards ’C. 
In like manner the force denoted by TL, is re- — 
folvable into’ two forces, which may be denoted by 
‘TV and VL, whereof'T V alone acts in depreffing 
the obftacle I’M; ‘confequently, the force’ where- 
with the greater wheel deprefies the obftacle, is to 
the force wherewith it~is depreffed:by. the leffer, as 
AG to’'T V, or as the fine of the angle A BG to 
the fine of the’ angle TLV or KL.Q3) but by the 
fecond Lemma, the angle:BAG, which is the:com- 
plement of GBA, is lefs than the angled K Q 
the complement of KL.Qs confequently theangle — 
ABG is greaterthan TLV, and AG the:fine:of the _ 
former greater than TV.the fine of the latter ; but 
as A Gis'to TV, fo is the depreffing force of the — 
greater wheel to the depreffing force of the leffer ; 
confequently, the fame obftacle is more:eafily de- 
preffed by the larger wheel than the {maller, and of 
courfe ‘muft give lefs pple ties to the former: shan to 
the latteésigion, 203 io ‘ 
If the obftacle be fachs,. as Phas! it can “elali we : 
- furmounted ‘nor depreffed but muft -be driven for- 
ward, then indeed-the fmaller wheel has the advan- — 
tage of the larger; for the forces of the wheels being’ 
refolved as'betore, the lines GB and VL will exprefs: _ 
the forces which actin driving the obftacle forward; 
but it,has been demonftrated, that GB the fine of 
theangle GA B; is lefs than Vv L, the fine of the © 
angle 


44. 
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angle VTL equal to QKL; and therefore the Leer. 
force wherewith the greater wheel propels the ob- IX. 
ftacle, is lefs than the force wherewith the {maller > ted 
wheel propels the fame; befides, as the greater 
-wheel prefies the obftacle directly downward with 
a greater force than the {maller, the refiftance made 
by the fame obftacle to the propelling force of the 
larger wheel, will be greater than what is made to 
the propelling force of the fmaller; fo that where 
the obftacle is to be propelled, the fmaller wheel is 
_ preferable to the larger; but as in draughts this is 
rarelyuif at all the cafe, the obftacles which are 
commonly met. with in roads being fuch as mutt 
either be furmounted or depreffed by the wheels, 
fuch wheels are to be preferred as beft ferve both 
thofe purpofes, and thofe I have fhewn to be the 
larger wheels; which likewife are attended with 
other advantages befides what have been already 
«mentioned ; for firft, it frequently happens in rough 
and uneven roads, that two obftacles are placed fo 
near each other, that before the wheel has quit- 
ted one it meets with the other, and refting upon 
each, hangs between them; in which cafe the {mal- 
ler the wheel is, the lower it defcends between the 
_ obftacles, and thereby renders thedraught more diffi- 
cult ; inafmuch as it muft be raifed to a greater 
height in order to pafs over the foremoft obitacle, 
than when the wheel is larger: For the illuftration py, 5. 
of which, let FE and HG reprefent two obftacles Fig. 1. 
placed at fo fmall a diftance, that the wheel having 
{urmounted the firft but not quitted it, may meet 
with the fecond, fo as to hang between them; it is 
manifeft, that as the arch FDH of the leffer wheel, 
which lies between the obftacles, has a greater cur- 
 vature than F B H the arch of the greater wheel, 
which lies between the fame obftacles, the point D 
muft defcend lower than the point B; confequently, 
the {maller wheel muft be raifed toa greater height 
than the larger, in order to pafs over the fame ob- 
K 3 ftacle ; 


TAO 


Leg oT. 


IX. 


>» 
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ftacle; and therefore a greater force will be neceffa- 


‘ry to pull up the fmialler wheel, than what is requi- 


fite to raife the larger; which is confirmed by the 
following experiment. Jet a carriage with four 
wheels each an inch and an half in diameter, and fo 
loaded as that the weight of the carriage and Joad 
may amount to 6685 grains, be fo placed on the 
lane before made ufe of, as that the two foremott 
wheels may hang between two obftacles whofe di-— 
ftance 1s half an inch, and their height likewife half 
an inch, and a weight of 1150 grains drawing the 
carriage horizontally, will move the wheels from 
between the obftacles; whereas if four fmaller 
wheels be made ufe of each three quarters of an inch 
in diameter, a weight of 2700 grains will be requi- 


‘fite to draw them from between the obftacles. 


As wheels cannot always run upon the nail, 
but mutt frequently meet with heavy roads, they 


will fink down, and thereby render the draught 


more difficult; but the larger the wheels are, the 
lefs ceteris paribus will the depth be to which they 
fink. For if ABC denotes the plane of the road, and 
ifit be of fuch a nature as to fuffer the fmaller wheel 
to fink down as far as E; itis manifeft that the gra- 
vity of the wheel muft overcome the refiftance of 


as much of the earth whereon it prefies, as is equal 


to the fegment HED ; for it cannot otherwife fink, 
than by forcing fuch a quantity of the earth out of 
it’s place; and fhould the larger wheel fink to the 
fame depth, the gravity thereof muft overcome 
the refiftance of as much earth as is equal to the 
fegment AEC, that is, it muft overcome a greater 
refiftance in order to fink to the fame depth with 
the fmaller; but it cannot poffibly overcome .a 
greater refiftance, becaufe itis fuppofed to have the 
jame gravity with the fmaller; confequently, it 
will not fink as deep as the fmaller, and for that 


yeafon will make the draught lefs troublefom. - 
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As large wheels have the advantage of {mall ones Lz cr. 

with regard to the refiftance arifing from the obfta- IX. 
cles and impediments in the roads, fo have they --v—~ 
likewife in relation to the refiftance occafioned by 

the friction of the box againft the arm of the axle; 

not that this refiftance 1s lefs in greater wheels than 

in {maller ; for fince it is not varied by varying the 
_ magnitude of the furface, as has been fhewn, if the 
‘boxes and arms are truly fitted and of an equal 
fmoothnefs, and the weights whereby the arms and 
_ boxes are preffed together be equal, the quantity 

of refiftance will be given, whatever be the magni- 
tude of the wheels, as alfo of the arms of the axle 
whereon they play; but where the arms of the 
axles are of equal diameters, (which is commonly 

the cafe in one and the fame carriage, though the 
wheels be unequal) a lefs force is requifite to over- 
come the given refiftance in a larger wheel than in 

a {maller; for in this cafe the femidiameter of the 
wheel may be looked upon as a lever, whofe prop 

or fixed point is at the center of the arm, and the 
impediment arifing from the friction of the box 
againft the arm may be looked upon as a weight 
placed upon the lever at the diftance of the arm’s 
femidiameter from the prop, whilft the moving 
power is applied to the extremity of the wheels fe- 
-midiameter; and therefore in order to a balance, 
the power mutt be to the refiftance, as the femidia- 
meter of the arm to the femidiameter of the wheel ; 
fince then the impediment is given, as alfo the di-. 
- ftance thereof from the prop, it is evident, that the 
~ Jarger the lever is, and confequently, the larger the 
wheel, the lefs is the force requifite to overcome the 
refiftance. Thus, if B EF reprefents the circum- PI. s. 
ference of the arm of an axle, whereon the wheels F's. 2. 
_ AGH and DIK revolve, C the center of the arm, 
BC it’s femidiameter, DC the femidiameter of the 
- {maller whee], and AC that of the larger; in the 

a K 4 bigger 


a 
3 
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Lect. bigger wheel the length of the lever is AC, and 


IX, 


in the fmaller DC ; fince therefore the fame im- 


t<-~-—~ pediment is in both levers placed at the fame di- 


Exp. 8. 


{tance from the prop C, to witat B, it will be ba- 
Janced by a lefs force at A than at D; and the force 
at A 1s to the force at D, as DC to AC, that is, 
inverfly as the femidiameters of the wheels; for 
the force, at A. is as BC applied to AC, and the 
force at D is as the fame BC applied to DC; that 
is, the force at A which balances the refiftance at B, 
1s to the force at D which balances the fame refilt- 
ance, as BC divided by AC, to BC divided by DC, 
that is, muluplying croffwife, and throwing out BC, — 
as DC to AC. Whence it follows, that when the 
femidiameter of the arm is given, the more the - 


-wheel is enlarged, the lefs will the force be that is 


requifite to overcome the refiftance arifing from the 


friction of the wheel againft thearm ; fo that upon 


this account as well as the former, large wheels are 
to be preferred to fmall ones. 

In order to leffen the refiftance arifing from the 
Friction of the box againft the arm of the axle, 
there has been a late contrivance, whereby the axle, _ 
contrary to what ts ufual in moft carriages, is made 
to revolve, and it’s arms, inftead of preffing againft 
the boxes, are made to bear on the circumferences 
of moveable wheels, which wheels from their ufe 
in diminifhing the friction, are by the author of this 
contrivance called friétion wheels. Now that fuch 
wheels, where they can be made ufe of, do take off — 
much of the refiftance occafioned by friction, will 
appear from the following experiments; from the 
axle of the machine called the axle in the wheel, in 
which the diameter of the wheel is to the diameter 
of the axle, as nine to one, let a weight of 23162 
grains be hung, and a weight of 2770 grains hang- 
ing at the circumference of the wheel, will turn the 
machine, provided the axle turns on the circumfe- ~ 

rences 
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rences of two moveable wheels; whereas if ititurns Lc T. 
in the pevets it will be neceffary to add 600 grains’ IX. 
more, fo as to make the whole 3370 grains; confe- —~—~ 
quently, the refiftance occafioned by friction in the. 
latter cafe, is more than four-fold what it is in the 
former ; for fince the diameter of the wheel is nine 
times as great as that of the axle, a weight of 2574 
grains at the wheel is requifite to balance the weight 
of 23163 at the axle, which balancing weight be- 
ing deducted from 2770, and likewife from 3370 
grains, leaves 196 grains for overcoming the refift- 
ance in one cafe, and 796 in the others but. 796 is 
to 196, as four and a little more to one. | 
_ Again, let a fmall cart with friction wheels be fo 
loaded, as that it’s own weight added to that of the 
Joad, may amount to 20000 grains ; anda weight 
of 54 grains drawing horizontally, will move it 
along a{mooth level table, whereas, if the friétion 
wheels be taken off, 322 grains will be neceffary to 
fet ita going. If the cart be fo loaded as that the 
weight of the whole may amount to 40000 grains, 
then in each cafe, a double force will be requifite to 
move it, that is to fay, 108 grains with the friction 
wheels, and 644 without them; fo that in this cart 
the friction wheels take off five parts in fix of the 
refiftance ; for 54 is but a fixth part of 322, as is 
likewife 108 of 644. And from thefe experiments 
it does again appear, that under like circumftances 
the refiftance arifing from friction, is proportional 
to the weight, whereby the furfaces which rub one 
again{ft the other are preffed together. ih 

Seeing then that great wheels have in fo many re- 
{pects the advantage over {mall ones, it will not be 
improper in this place to fhew you, on what account 
it is, that the wheels of common carrs, as alfo the ~ 

-foremoft wheels of coaches, chariots, and moft o- 
ther four-wheel carriages, are commonly made fo 
{mall as feldom to exceed two feet and an half in 
diameter; and the firft reafon of this contrivance 
1S 
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Le c T. 1s for the convenience of turning; for as in moft’ 
IX. roads, but more efpecially fuch as are narrow, there’ 
ony are windings of fuch a nature as to allow but a {mall 
{pace for carriages to turn in, it is neceflary to make 
ufe of fuch wheels as can turn in the narroweft 
compafs, and fuch are {mall ones; for it isa thing 
well known to carters, and all others who are ufed_ 
to drive wheel carriages, that the larger the wheels 
_ are, the greater compafs do they require in order 
to turn with eafe and fafety ; and fhould they at 
any time attempt to turn carriages with «large 
wheels as fhort as thofe which have fmaller, the 
wheels will drag, and thereby render the draught: 
very difficult, and fometimes endanger the over-. 
fetting of the carriage. - 1 ae | 
But the fecond, and indeed the principal reafon 
for the ufe of {mall wheels is, that upon afcents, and 
in pafling over obftacles in rough and hilly roads, as 
little of the horfe’s force may be loft as poffible ; if 
roads were level and {mooth without rifings or im- 
pediments, the moft convenient fize for wheels, fet- 
ing afide the neceffity of turning, would be where 
the axle 1s upon a level with the breaft of the horfe ; 
for fince the whole force of the horfé in drawing is 
applied to that part of the tackle which lies upon the 
breaft, and to which the traces are joined ; and fince 
the traces are faftened to the carriage in fuch a man- 
ner, as that being continued they muft pafs through 
the axle of the foremoft wheels, it is manifeft, that 
if that axle be of an equal height with the cheft of 
the horfe, the traces, in whofe plane the line of di- 
rection lies, will be parallel to the road whereon the 
carriage is drawn ; confequently, the whole force of 
the horfe will be employed in drawing the carriage 
directly forward, without any lofs or diminution ; _ 
whereas if the wheels be of fuch a fize as that the 
height of the axle is either greater or lef§ than that 
of the horfe’s cheft, the whole force of the horfe will 
not be employed in the direct draught ; but in the - 
, : former. 


Or WHEEL CARRIAGES. 145 
former cafe, fome part of the force willbe fpent in Lz cr. 
preffing the carriage directly downward, and in the IX. 
latter, in lifting the fame direCtly upward. For Uap 
the proof and illuftration whereof, let the firft of Pl. 5. 
the three wheels be of fuchafize, asthat it’s axle A Fig. 4. 
may be of an equal height with the horfe’s breaft 
at B; and let the fecond wheel be fo large as that 
it’s axle A may ftand higher than the horfe’s cheft at 
B, and in the third, let the axle be lower than the 
breaft of the horfe ; and in each wheel let the lines 
of direction of the horfe’s draught, to wit a AB be 
taken equal, and let each of thofe lines exprefs the 
force of the horfe; it is manifeft, that in the firft 
wheel, the whole force denoted by AB, is imployed 
without any lofs in drawing the wheel forward, be- 
caufe the line of direction AB, wherein the force 
draws, is parallel to EF, the road whereon the 
wheel moves; whereas, in the fecond and third 
wheels the lines AB, wherein the forces draw, be- 
ing inclined to EF, whereon the wheels move, 
fome part of each force muft be*loft ; for if each 
force denoted by AB be refolved into two, to wit 
CB and AC, whereof CB is parallel to EF, and 
AC perpendicular thereto; it is evident, that that 
force alone which is denoted by CB, acts in moving 
the wheel forward along EF, whilft the force de- 
noted by AC does in the fecond wheel prefs it di- 
rectly downward againft the road, and in the third 
lifts it direétly upward; whence it follows, that if 
the force of a horfe be juft fufficient to move the 
firft wheel, it will not {fuffice -to ftir the fecond or 
third. It likewife follows, that if the wheel be fo 
far inlarged, as that the angle which the line of di- 
rection AB makes with the plane EF, approaches 
nearly to a right one, the line CB will bear a very 
fal! proportion to AB, whilft AC becomes near- 
ly equal thereto ; fo that almoft the whole of the 
horfe’s force will be fpent in prefling down, and 
‘thereby increafing the load; whence it Baw 
(ey that 
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Ix. 


\--v-— far increafed, as even upon account of their magni-— 


Pl. 5: 
Fig. tie 


~ alone which is exprefled by AK, aéts in drawing the — . 
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from the largenefs of wheels, yet may they be fo 


‘tude to render the draught impoffible. By the ufe of 
{mall wheels whofe axles. lie below the level of the 
horfe’s cheit, provifion has been made againft the 
inconvenience laft mentioned, and the lofs of force 
(which by reafon of the roughnefs and inequalities — 
of roads cannot wholly be avoided) has been ren- 
dered as little as poffible, and made to obtain chief 
ly in level {mooth roads, where there is leaft occa-_ 
fion for the whole force ; whereas upon afcents, and _ 
in pafling over obftacles in rough roads, where the 
ftrefs is greate{t, there little of the force is loft; for 
the proof of which, let the wheel be of fuch a fizeg® 
that it’s axle A may be below the horfe’s breaft at B, 
and let AB, as before, denote the force of the horfe ; Ms 
if the wheel be drawn along a fmooth level road as_ 
EF, CB will exprefs that part of the force which q 
draws the wheel along the road, and AC that part 
of the force which is imployed in lifting up the — 
wheel, which part is loft as to the draught, but how- i 
ever, Is not intirely ufelefs ; becaufe, by pulling the — 
wheel direétly upward, it eafes the load, and thereby — 
renders the draughtlefs difficult; thoughat the fame 
time the draught is by no means as eafy as it would 
be, if the force of the horfe was applied at G, fo as to 
draw in the direction AG parallel to EF. If the — 
wheel inftead of moving along a {mooth road, be 
to pafs over the ob{tacle DH, or which is the fame — 
thing, if it be to be drawn up the afcent EHL ; _ 
and if the force of the horfe be applied at G, fo as _ 
that the direction of the draught AG may be parallel — 
to EF, and confequently, inclined to KHL ; it is 
manifeft upon refolving the force AG into two — 
forces, to wit AK and KG, whereof AK is pa- 
rallel, and KG perpendicular to EHL; that force _ 


wheel up EL; whereas the force expreffled by — 
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KG ads in preffing the wheel directly againft EHL, Le cr. 
and thereby adds'to' the weight of the wheel; fo IX. 
that in this cafe, foine part of ‘the horfe’s force is ==“ 
loft, and the load at the fame time increafed, both 
which inconveniencies are avoided where the breaft 

of the horfe is fo far elevated above the axle of the 
wheel,’ as that’ the line of direction A B may be pa- 

rallel to EH L for then‘ no part “Of the horfe’s 

force will be:loft, but ‘the whole ‘will’be imployed’ 

in drawing the wheel directly over the obftacle, or 

up the afcent; fo that a lefs force will be requifite 
toidraw the wheel over the obftacle'D H in the di-’ 
rection AB, than in the direftion AG ; and this is 
‘fully confirmed by experiments. For whereas the*Exp. 9. 
‘Jittle carriage with four wheels, each three quarters” 
of an inch in diameter, being fo loaded as that thé 
weight of the carriage and load amounted to 6685 
grains, was not drawn over the little obftacle one 
tenth of an inch in height, by lefs.than 2850 grains 
acting in an horizontal direction, it will be drawn 
over by 2450 grains provided the direction be made 
parallel to the tangents of the wheels in thofe points 
which touch the obftacle; and 1950 grains will be 

" fafficient to draw the carriage with the larger wheels 

ever the fame obftacle, if the direction of the .° 9° 
- draught be made parallel.to the forementioned tan- 
_ gents, whereas 2050 grains were.neceflary when | 
- the diréétion was parallel to the:horizontal plane? 
And if the direétion be itill: farther removed from 
the parallelifm of the tangents, which may be done 
_ by depreffing it below the horizontal plane, the 

force of 2350 grains. will be but juft fufficient 
~ to: farmount the obftacle, and‘ draw: the carriage 
over. Gh wh ome 1 Vo BASS go) : 
_ Thoughin four wheel carriages, thécontrivance of 
fall wheels before has it’s advantages, yet is it not 
‘intirely free from inconveniencies ; for by this means 
- the load mutt of neceflity be thrown forward, and) 
Se fouls 2 17 a greater 
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a greater ftrefs laid on the foremoft wheels ; wheres 
by the refiftance that arifes from the friction of the. 
. axle againft, the. wheels will become greater in the 


foremoft than in the hindmoft wheels, in proportion 


to the greater weight which they fuftain. . Befideg _ 
as the {paces defcribed by wheels in each revolution — 
are nearly equal to the peripheries of the wheels, 


oftener than the hindmoft, in order to rid the fame 


. it 1s manifeft that the foremoft wheels muft revolve — 


ground. And) this frequency of turning requifite ' 
in the foremoft wheels joined to the greater ftrefs 


upon them from, ithe load, as alfo to the greater .re+ 
fiftance which they meet with from obftacles in the — 


_ ,, foad, is the. true reafon why they are more frequents 


~ Ty.out of order, and ftand-in, need of repair much _ 
_ oftener than thofe behind. | isd as tae 


Lect. MAY defign in this lecture is to explain \the | 


x 


—-— in order thereto, I fhall lay down the following © 
PROPOSITIONS concerning the motion of bodies — 


Pl. 5. 
Fig. 6. 
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chief properties ofthe penpuLum3; and 


down inclined planes and curve furfaces. 


Prop. 1. The force wherewith a body defcends up 
on an. inclned plane, as AC, is to the abfolute force of | 
gravity wherewith the fame body falls freely and perpen= | 
dicularly, as the height of the plane to the length theres 

Of, thatis, as ABto AC. >. won a 


a 


For it has been proved, that the force requifite | 
to fuftain a body upon an inclined plane, is to the | 


abfolute weight of the body, as the height of the 


~S 
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plane to it’s length ; but the force wherewith a body Le e'r, 
“endeavours to defcend upon an inclined plane, muft 2X, 
be equal to the force which is neceffary to fupport Coymued 
it upon that plane ; confequently, the propofition is 
Pirod: & 40 22108 ganislsoon OAT MoMy*( yni0g 
Corot. I, Hence it follows, that’ the motion 
of a body defcending on an inched plane’ is uni- 
formly accelerated 5’ for fince the force which carries 
a body down an inclitied plane, ‘has every‘ where, 
and in all parts of the plane the famé proportion to | 
the abfolute weight of the body, and fince the ab- 
‘folute weight remains ‘unvaried, the other force 
mutt do fo too; confequently, as‘it acts incéffantly 
-in equal times} it makes equal impreffions on ‘the 
defcending body, fo as to generate equal degrees of 
welocity in the motion thereof; that is, in ‘other — 
words, the motion of a body defcending on an in- 
clined plane is uniformly accelerated. "0 
Corot. II. On account of this uniform acce- 
tération of the motion, the times of defcending, as 
-alfo the velocities acquired at the end of the defcéent, 
*are as the fquare roots of the {paces defcribed, asin 
the: cafe’ of bodies falling freely; that is to fay, the 
:time wherein a body defcénds’ upon the inclined 
plane from Ato’ D, is to the time of the defcent, 
‘from ‘A to Cj as the fquare root ‘of AD, to the 
‘fquare root of AC; and the velocity of the body 
‘when it has defcended as far as D, i8 to the velocity’ 
‘thereof when it'arrives'at C in the fame proportion 
of the root of AD to the root of AC, SOGOU . 


. Prop. Wi The ‘velocity acquired in any given 
tithe by a body defeending onan inclined plane, is to the 
‘velocity acquired in the fame time bya body falling free- 
ly and perpendicularly, as the height of the plane to it’s 
ngih, that is, as AB to AC. ol uth SR Sor 


For; by the firlt' corolla -y -of the forePoing propo- 


- fitiony the motion of a body down’ an inclined plane 
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Le cT. is uniformly accelerated, in the fame manner as the 
' X. motion of a body falling freely 5 confequently, at 
——~v-—— the end of any given time, the velocities acquired 
_mutt be as the accelerating forces; but-by the fore- 
‘going propofition, the accelerating force of a body 
moving down an inclined. plane,as AC, is to the 
accelerating force of a body falling freely and per- 
_pendicularly, as the height of the plane to it’s 
dength; and therefore the velocities acquired in any 

given time muft be in the fame proportion. — 


> Prop. IIL. The fpaces defcribed in a given time 
by two bodies moving from a flate of ref, whereof one 
 defcends on aninclined plane, and the other falls freely, 
are in the fame ratio.of the height of the plane to it’s 
_dength; that is, the fpace defcribed by a body moving 
along AC, is to the fpace defcribed by a body falling 


down the perpendicular AB, as ABioAC, 


_. For where the motions are equable, the fpaces de- 
-  {eribed ina given time, are asthe velocities where- 
with they are defcribed; if therefore the velocities 
_be increafed in a conftant uniform manner, the {paces 
defcribed will likewife increafe in the fame manner ; 
but by the fecond propo/ition, the velocities, are aug- 
mented in fuch a manner as ina given time to bear 
the fame proportion to one another, as the height 
.of the plane does to it’s length; confequently, the 
{paces defcribed in a. given-time muft be in»that — 
proportion. ; CLA te ‘gilt do. 
Corot. I. If from B, the line BD be drawn | 
perpendicular to AC, AD will be the {pace defcribed — 
.by a body moving down the plane AC, in the — 
Jame time that a body falls freely: down the height — 
of the plane from A to B. — ee Ke hen Ao 
For, from the nature of fimilar triangles, AC 
is to AB, as AB to AD; but by the propofition, as 
AC 1s to AB, fois the fpace defcribed in a given 
time by a body falling freely, to the. fpace defcribed © 
aan | ah 
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by.a body defcending upon the inclined plane AC; Le cr. 
confequently, fince AB is the {pace defcribed by the Xi 
body falling freely, AD mutt be the fpace defcribed —~—4 
in the fame time by a body defcending along AC, 

Corot. II. All the chords of a circle are des 
{cribed in the fame time by bodies running down 
them. For if a circle be defcribed with the diame- 
ter AB, which is the height of the inclined plane PI. ¢. 
AC, the point D, which determines the fpace AD Fig. 7s 
through which a body defcends upon the inclined 
plane, whilft another falls freely from A to B; will 
be in the periphery of the circle, becaufé the angle 
ADB in the femicircle is always a tight one; and 
for the fame reafon, if the height of the plane con- 
tinuing the fame, the inclination thereof be. varied, 
fo as that it may become AG, the point E which 
determines the {pace AE, through which a body 
‘moves along the plane AG, during the time of a 
body’s fall from A to B, will likewife be in the | 
periphery of the circle; confequently, in the femi- 
eircle ADB all the chofds as AD and AE will be 
defcribed in the fame time; and as in the femt- 
circle AFB, whatever chords as BF and BH are 
‘drawn through the point B,. other chords as AD 
‘and AE may be drawn in the other femicirele pa- 
rallel thereto and equal ;_ it follows, that whether 
a body falls freely down the diameter AB, or whe- 
ther it defcends along a chord as HB or FB, it will 
in the fame time arrive at the loweft point of the 
circle; or in other words, all the chords of a circle 
will be defcribed in equal times by bodies running 
along them. . cy 


Prop. IV. The time wherein a body moves down ah yy, ¢, 
inclined plane as AC, is to the time wherein a body Fig. 6. 
falls freely down AB the height of the plane, as the 
length of the plane to it’s height, that is, the times 
are as the fpaces defcribed. F 

‘Or 
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Lecr.. For by the fecond Coro), of the firft Prop. the 
_ XX. time of a body’s motion along the inclined plane 
“~~ from A to C, is to the time of it’s motion from A 

to.D, as the fquare root of AC to the fquare root 

of AD; but by the fecond Corol. of the third 
Prop. the time of a body’s motion along the in- 
clined plane from A to D, is equal to the time of 
the fall from A to B;- and therefore the time of 
the motion along the plane from A to C, is to the 
time of the perpendicular fall from A to B, as. the 
{fquare root of AC, to the fquare root of AD, 
that is, becaufe from the fimilarity of triangles 
AC, AB, and AD are in continued proportion, as 
AC to AB, or as the length of the plane to it’s 
height. es 

~oroL. Hence it follows, that if feveral in- 
clined planes have equal altitudes, the times where- 

in thofe planes are deftribed by bodies runnin 
down them, are to one another as the lengths of 

the planes. oe 
Pl. s. For the time of the defcent along AC, is to the 
Fig.7. time of the fall down AB, as AC to AB, and the 
time of the fall down AB, is to the time of the de- 
{cent along AG, as AB to AG; confequently, the 
time of the defcent from A to C, is to the time of 
the defcent from A to G, as AC to AG, that is, 

the times are as the lengths of the planes. 

Pl. s. Prop. V. The velocity acquired at the end of the 
Fig.6- fall, by a body falling down the perpendicular height 
- of an inclined plane as AB, is equal to the velocity ac- 
quired at the end of the defcent by a body moving dom 

the inclined plane, from A to C. ‘ <i 


For by the firft Prop, the accelerating force of a 
‘body falling freely from A to B, is to the accelera- 
ting force of a body moving along the plane AC, 
as AC to AB; and by the fourth Prop. as ABs 
3% ‘oa to 
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to AC, fo is the time of the fall from A to B, to Leer, 
the time of the defcent from AtoC; fothatthe X. 
forces which accelerate the bodies during their wy 
motions, are to one another, reécipfocally as the 
times that they continue to act; confequently, at 
the end of thofe times, the velocities generated 
muft be equal. For inftance, if AB be one half 
of AC, the force which accelerates the body in it’s 
fall from A to B, is to the force which accelerates 
the body in it’s defcent from A to C, as two to 
one; but the time that a body takes to fall from 
A to B, is but one half of the time that a body 
takes to defcend from A to Cs fo that the acce- 
kerating force which aéts upon the body during it’s 
motion from A to C, though it be but one half of 
the accelerating force which acts upon the body 
during it’s fall from A to B, yet does it continue 
to aét twice as long ; and therefore muft in the end 
produce the fame velocity. : 

Coron. Hence it follows, that the velocities ac- 
quired by bodies in falling down inclined planes, are 
equal where the heights of the planes are equal. — 

For, the velocity acquired in falling from A to Pi, 3. 
C, is equal to the velocity acquired in falling from Figs 73 
A to B, as is alfo the velocity acquired in falling 
from A to G ; confequently, the velocities acquired 
in falling from A to C, and from AtoG, are 
equal, | : | | 


Prop. VI. If @ body defcends along feveral conti- Pl. 3.- 
guous planes as AB, BC, and CD, the velocity which Fig. 84 
it acquires in it’s defcent from A to D, is equal to the 
Welocity acquired by the perpendicular fall from Hi to 

), on fuppofition that the body is not retarded by the 
frocks it fuffers in the angles B and C. 


nf For drawing the horizontal lines HE and DF 
through the points Avand D, and producing the 
Planes, CB. and) DC, as far as G and 3 by the 


a BEDE! Bo L, yp, n Corel, 


tr 
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Lect. Corol. of the laft Propofition, the fame velocity is. 


X. 


acquired in the point B, by a body in defcending 


way~ from A to B, as in defcending from G to B; con- 


Pie. 
Pig's. 


fequently, the fame velocity is acquired in the 


‘point C, by a body defcending from A through B 


to C, as in defcending from G to C; but by the 
fame Corollary, the velocity acquired in defcending 
from G to C, is equal to the velocity acquired in 
defcending from E toC; wherefore, thé velocity 
in the point D, acquired by the defcent along the — 
three planes AB, BC, and CD, is equal to the ve- 
locity acquired by the defcent from E to D, which 
velocity by the foregoing Propofition, is equal to 
the velocity acquired by the perpendicular fall-from _ 
H to D. 

Corot. Hence it follows, that if abody defcends 
along the arch of a circle as AB or of any other 
curve, the velocity acquired at the end of the de- 


 tcent, is equal to the velocity acquired by falling 


Fl. 6. 
Fig. 10. 


down CB, the perpendicular height of the arch. — 
For curves may be looked upon as compofed of © 

an infinite number of right lines inclined one to 

another. | “) t 


Prop. VII. Ff two planes as AB and BD joined 
together at B, have equal degrees of elevation with 


. two other planes as EF and FH joined together at Fy 


andif AB be to EF as BD to FH ; the time of a 
body’s fall down the planes ABD, will be to the time 
of the fall down EFH, as the fquare root of AB and 
BD taken together, to the {quare root of EF and FH 

taken together. | | 


Let AB and EF be produced till BC becomes : 
‘equal to BD, and FG equal to FH. Since AB is to” 
BC, as EF to FG, AB is to AC, as EF to EG; 


_ and fince thofe four quantities AB, AC, EF, and EG 


are proportional, their fquare roots will be fo too. | 
Again, fince the planes AC and EG are equally 
elevated, 


pown INCLINED PLANES. 155 


elevated, they may be looked upon as parts of oné Le cr. 
and the fame plane, and therefore, by the fecond X. 
Corol. of the firft Prop. the time of a body’s fall ye 
from A to.C, is to the time of the fall from E to 
G, as the {quare root of AC to the {quare root of 
EG, or as the fquare root of AB to the {quare root 
of EF; but the time of a body’s fall from A to 
. B, is to the time of the fall from E to F, as the 
{quare root of AB to the fquare root of EF; fo 
‘ that the time of the fall from A, to; Cy -is to’ the 
time of the fall from E to G, in the fame proportion 
of the time of the fall from A to B, to the time 
of the fall from E to F; confequently, the time of 
the fall from B to C, fuppofing the motion to begin 
from A, muft be to the time of the fall from F to 
G, fuppofing the motion to begin from E, in the 
_ fame proportion of the root of AB to the root of EF; 
if the bodies after their fall from A to B and from 
E to F, inftead of moving along BC and FG con- 
tinue their motions along BD and FH, fince thofe 
two planes are equally inclined to AB and EF, and 
Gince BD is equal to BC, and FH equal to FG, 
whatever proportion the time of the body’s motion 
along BD bears to the time of it’s motion along BC, 
- the fame will the time of the motion along FH 
bear to the time of the motion along FG; but it 
has been already proved, that the time of the mo- 
tion along BC, is to the time of the motion along 
FG, as the fquare root of AB to the {quare root of 


_ EF; wherefore, the time of the motion along BD, 


~ is to the time along FH, as the {quare root of AB to 
the fquare root of EF, that is,in the fame proportion 
with the time along AB to the time along EP; and 
therefore, the fums of thofe times will be in the 
{ame proportion ; that is to fay, the time of the 
motion along AB, added to the time of the motion 
along BD, is to the time of the motion along EF, 
added to the time of the motion along FH, as the 
fquare root of AB to the fquare root of EF; but 

ae: it 
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Lect. it has been proved, that the fquare root of AB, is — 


‘any? AB and BD taken together, to the {quare root of 


Fl. s; 
Fig. 1. 


MOTION or BODIES, &c, © 
to the fquare root of EF, as the fquare root of 


EF and FH taken together; and therefore, the 


time of a body's fall from A through B to D, is — 
' to the time of the fall from E through F to H, as 


the fquare root of ABD to the {quare root of EFH, 


which was to be proved. And what has been thus | 


proved with regard to two planes on each fide, is 
in like manner demonftrable with regard toany num- 
ber of planes, provided thofe on one fide be propor- 


tional tothofe on the other, and that the corre{pond- 


ing planes have equal degrees of elevation. 
Corot. Hence it follows, that if bodies defcend 


through the arches of circles, the times of deferibing — 
fimilar arches fimilarly pofited, are as the fquare 
- roots of the arches.’ For inftance, if bodies move 


down the fimilar arches AB and CD, which are 


fimilarly pofited with regard to the horizontal 
plane ED, the time of defcribing AB, is to the — 
time of defcribing CD, as the fquare root of AB 


to the fquare root of CD. 


For all circles whatever may be confidered as. 


fimilar polygons, confifting of an indefinite num- 


ber of fides indefinitely {mall ; and therefore, fimi- 


Jar arches muft confift of an equal number of fides 
proportional the one to the other; and forafmuch 
as the angles which thofe fides contain are equal, if 
the arches be fimilarly pofited, the correfponding 
fides in each arch muft have equal degrees of ele- 


vations and confequently, the times of defcribing” 


the arches will be as their {quare roots. 


In my lecture upon gravity, I fhewed you, that 
_if a body be thrown direétly upward, it will rife to | 
the fame height whence, if it fell from a ftate of 


reft, it would by the end of the fall acquire the fame 
velocity wherewith it Is thrown up; F likewife 
fhewed you, that the time of the rife is equal ta 
that of the fall. Tnow fay, | 
Prop, 


~ 
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“Prop. VII That the fame things do lrkewife. ob-\ Liz c T. 
tain with regard to bodies thrown up obliquely, whe- - 
ther they afcend upon inclined planes or along the archs w= 
of curves. in | 


- Becaufe the fame forces which accelerate the mo- 
tions of bodies defcending on fuch planes or curves, | 
do in the very fame manner retard the motions of 
fuch bodies as afcend thereon; and therefore, what- 
ever be the time requifite for a body to defcend 
upon an inclined plane or through the arch of a 
curve, in order to acquire any velocity; the fame 
muft the time be, wherein that velocity is deftroyed 
‘in a body afcending upon the fame plane or curve s 
and whatever be the length of the plane or curves 
through which a body defcends in order to acquire 
any velocity, the fame muft the length of the plane 
of curve be, through which it muft afcend in order 
to have that velocity deftroyed. | | 
Corot. Hence it follows, that if by any con- 
trivance a body be made to defcend through the 4 
arch of acircle as from C to A, and with the velo- Pp}. ». 
_ city acquired by the defcent to afcend along the Fig. 12. 
arch AD. of the fame circle, the arch AD which it 
- defcribes in it’s afcent, will be equal to the arch 
_ CA deferibed in the defeent; and the times in 
which thofe arches are defcribed will be equal. 
And this is the cafe of the Penpunum; which 
is a heavy body as A, hanging by a {mall cord as 
BA, and moveable therewith about the:point B, to 
which the cord is fixed. If when the cord is ftretch- Exp. 1. 
ed the weight be raifed as high as Cy and thence let 
fall, it will by it’siown gravity defeend through the 
circular arch CA; and by: the Corol, of the fixth 
Prop. it will have the fame velocity in the point A, 
that a body would acquire in falling, perpendicular- 
ly fron) E to A; and, by the firft raw oF Na- 
TURE, it will endeavour to go off with that velo- 
city in the tangent AF }. but being by the force of 
. L4 the 


Vs 


158 


Lecr. 
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the chord made to move in the periphery CAD, 
it will rife through the arch AD as high as D, 
where lofing all it’s velocity, it will be turned back_ 
by it’s gravity, and defcending through the arch 
DA, will, upon it’s arrival at A, have the fame 
velocity as before, with which it will afcend to C ; 


-and thus it will continue it’s Motion forward and 


backward along the curve CAD, which motion igs 
called an ofcillatory or vibratory motion; and each 
{wing from C to D, as alfo from DtoG, is called 
a vibration, and if the pendulum fuffered no ree . 
tardation in it’s motion from the refiftance of the 
air, nor from the fri€tion of the chord againft the 
center about which it moves, the arches. defcribed 
in each vibration would be exactly equal,: and the - 


_ motion of the pendulum would cantinue for ever ; 


Pl. s. 
Fig. 13. 


but whereas the motion of the pendulum. is con- 
tinnally retarded by the forementioned caufes, the 
arches defcribed in each vibration mutt grow lefs 
and Jefs:continually, and at laft vanith together 
with the motion of the pendulum. ng teete 
The vibrations of one and the fame pendulum 
vibrating in unequal circular arches, are performed 
very nearly in equal times, provided the arches are 
but {mall. Thus, in the pendulum AB, the vibra- 
tion through the arch CAD, is performed very 
nearly in the fame time wherein the pendulum vi- 
brates through the arch EAF, on fuppofition that 
the arches CA and EA are but {mall. fp asta 
For, drawing the chords CA and AD, as alfo” 
A and AF,, inafmuch as the arches are fuppofed 
to be {mall, they will not differ much either as to 
length or declivity from their re{fpective chords; | 
confequently, the times of defcribing. the arches 
CA and EA, by a heavy body running along 
them, will be nearly equal to the times of defcrib- 
ing the chords; but by the fecond Corel, of the 
third Prop. the times of deicribing the chords are 
equal; wherefore the times of defcribing the _ 
; : arches 
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arches CA and EA, muft be nearly equal; and fo Lecr. 
likewife muft the double of thofe times, or the X.. 
times wherein the pendulum vibrates through the ~——~-— 
unequal arches CAD and FEAF. And this is con- 
firmed by experiment. For if two pendulums of Exp, 2. 
an equal length, be fet going at the fame inftant of 
time, fo as to vibrate,through {mall but unequal 
- arches, they will fora long time keep pace toge- 
ther ; and continue to begin and end their fwings 
without any fenfible difference as to point of time, 
during a great number of vibrations. 

If a pendulum as BA, vibrates through the circu- Pl. 5. 
lar arches CAD and EAF, the velocity which it Fig: 44- 
acquires by that time it arrives at the loweft point 
A, is asthe chord of the arch which it defcribes in 
it’s defcent ; that is, the velocity which it acquires in 
defcending from C to A, 1s to the velocity acquired 
in it’s defcent from E to A, as the chord CA to 
theichordsBAs oucipt etl aes a 
_ For, drawing the horizontal lines EK and CH, 
the velocity acquired in falling from H to A, is to 
the velocity acquired in falling from G to A, in 

-the fubduplicate ratio of HA to GA, as I proved 
» in my lecture upon gravity; that is, becaufe, from 

- the nature of the circle HA, CA, and GA, are in | 
continued proportion, as CA to GA; for the fame 
reafon, the velocity acquired in falling from G to 
A, isto the velocity acquired in falling from K to 
A, as GA to EA; confequently, the velocity ac- 
quired in falling from H to A, is to the velocity ac- 
quired in falling from K to A, asCA to EA; but 
by the Coro/. of the fixth Prop. the velocity acquired 
in falling from H to A, is equal to the velocity ac- 
quired in the defcert from C to A, and the velocity 
acquired in falling from K to A, is equal to the velo- 
city acquired in the defcent from E to A; wherefore, 
the velocity acquired in defcending through the arch 
CA,istothe velocity acquired in defcending through 
the arch EA, as the chord CA to.the spas Han 
| ence 
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Lect. Henceit appears, that ifthe arch ofa circle where- - 
’ XX. in a pendulum vibrates, be fo divided in the points — 


ery, 2, 3, 4, ‘and fo on, beginning from the loweft: — 


point A, as that the chords drawn from A to the 
feveral points of divifion, may be to one another, 
as thofe numbers, the velocities acquired by a pen-: 
dulum in the loweft point A, when let fall fuccef-) 
fively: from the feveral points of divifion, will be 
as the numbers affixed to the refpective points; and: 
itwas upon this account, that in the experiments: 
relating to the collifion of bodies, the balls were: 
conftantly let fall from fuch heights, as that the — 
chords of the arches which they défcribed in their’ - 
defcent, might be to one another in the fame pro- ~ 
‘portion with the velocities wherewith the balls weré 
fuppofed to meet at the loweft point. 9 
The times wherein pendulums of unequal lengths 
_ vibrating in fimilar arches, perform their vibrations, 
are to one another, as the {quare roots of their 
lengths; for inftance, the time wherein the pendu- 
lum BA vibrates through the arch FG, is to-the time 
wherein the pendulum BC vibratesthrough the arch 
DE fimilar to FG, as the fquare root of BA to the 
fquare root of BC. THLE 2 
\ For, by the Carol. of the feventh: Prop. fince the 
arches FA and DC are fimilar and fimilarly pofited, 
the time of the defcent through FA, is to the time 
of the defcent through DC, as the {quare root of FA, 
to the fquare root of DC ; but by the Corol. of the 
eighth Prop. the time of the defcent through FA, 
is one half of the time of the vibration from F to 
G, and the time of the defcent through DC, is one 
half of the time of the vibration from D to E; 
confequently, the time of the vibration through FG, 
is to the time of the vibration througl! DE, as 


the fquare root of FA, to the: fquare root of a 


DC; that is, becaufe the arches FA and DC _ 
are fimilar, as the fquare root of BA to the — 
{quare root of BC, that is, the times. of the vibra 
rer tions 


— 
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tions are asthe fquare roots of the lengths of the Lect: 
pendulums. And forafmuch as the times wherein X. 
pendulums perform their vibrations, are to one an- eed 
other inverfly as the number of vibrations per- 
formed in a given time ; the numbers of vibrations 
performed by pendulums in a given time, are to 
one another inverfly as the fquare roots of the lengths 
of the pendulums. For inftance, if the length of 
the pendulum BA, be to the length of the pendu- 
lum BC, as one to 4, the number of vibrations 
performed in any given time by the fhorter pendu- 

* Jum, is to the number of vibrations performed in 
_ the fame time by the longer, as the {quare root of 

4 to the fquare root of one, that is, as two to one; 
which cafe is experimentally confirmed by two pen- 
dulums, whereof the longer being 39.125 inches, Exp. 3. 
vibrates in one fecond of time ; and the fhorter be- 
ing 9.781 inches, vibrates in half a fecond, and 
performs two vibrations in the fame time that the 
longer performs one. | 

i Inches. 
_4 ¢ 39-125 Halley 
Length of a pendu- fa 2d. 4 sabes Newtor 
lum vibratin ¢ 781 Halley 
7 sian ad, Me Newton - 


The time of a pendulum’s vibration is no way 
altered by varying the weight thereof; for fince the 
gravity of every body is proportional to it’s quanti- 

_ ty of matter, as I proved in my lecture upon gravi- 

ty, all bodies in the fame circumftances are moved 

by the force of gravity with the fame velocity ; and — 
therefore, if the length of a pendulum continues 
_ the fame, it will perform it’s vibrations in the fame 
time, whatever be the magnitude of the appending 
weight; which may be confirmed by the following 
experiment. Let two unequal weights.be hung by 
two, threads fo as to conftitute two pendulums equal 
in jength, and let them at the fame inftant of 

‘ , . a , 


Exp. 4. 
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fall from equal heights, they will keep pace toge-_ 
ther fo as to perform their vibrations in equal times. 

In the foregoing part of this leéture I thewed 
you, that the vibrations of one and the fame pen- 
dulum, vibrating through unequal but fmall circular 
arches, are performed in times that are very nearly, 
but not precifely, equal. Whence it follows, that 
however ufeful fuch a pendulum may be in mea- 
furing time where great exactnefs is not requifite, 
yet can it by no means be admitted as an accurate 
meafure of time, unlefs by fome contrivance. it be 
made to perform all it’s vibrations in equal arches, 
which, confidering the unavoidable imperfections 
of all machines, is extremely difficult, if not im- 
poffible; forit has been found by experience, that 


. the beft regulated pendulum clocks, wherein the 


PI. 5. 
Fig. 16. 


greateft care has been taken to make the pendulums 
vibrate in equal arches, have notwithftanding va- 
ried in a courfe of time, foasto ftand in need of a 
new regulation, which they could not poffibly do 
in cafe the pendulums, whereon the regularity of 
all the other movements depends, continued con- 
{tantly to vibrate in equal arches. 

In order therefore to obtai: an exact unerring 
meafure of time, it is néceffary to make a pendu- 
Jum vibrate in fuch a manner, as that all it’s {wings, 
whether they be through larger or {maller arches, 
may be performed in times exactly equal; and this 
may be done by making a pendulum vibrate in the 
curve of acycloid, as I fhall now demonftrate ; 
but I thall firft fhew you the manner wherein that 


curve is generated, and what it’s chief properties 


are, as alfo by what contrivance a pendulum is — 
made to vibrate in fuch a curve. Ra ae 
If a circle as CEF, which touches the right 


| line AB in the point C, be moved along that line 


in the manner of a wheel from C to D, fo as to. 


~ perform an intire revolution; the point C will by 


virtue of it’s double motion defcribe the curve bine, 
eh BX 5 | CID, — 


-~ 
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‘CID, which curve line is called a cycloid ; and the LrEecr. 
right line CD is called the da/e, the line IK perpen- ° X, 
dicular to the bafe at it’s middle point is called the =--y—=as 
axis of the cycloid, and the point I the vertex, and | 
the circle CEF or KLI 1s called the generating 
circle. 

From any point in the cycloid as H, Jet a right 
line as HL, be drawn parallel to the bafe CD, and 
continued till it meets the generating circle KLI, 
defcribed about the axis IK ; and let the line HM 
‘touch the cycloid in the point H; this being done, 
the chief properties of the cycloid are thefe three. 
 Firft, the arch IPL of the generating circle, 
intercepted between the vertex of the cycloid and 
the point L, wherein the right line HL meets the 
generating circle, is equal in length to the right 
line HL. : 

Secondly, The chord IL of the circular arch 
IPL, is parallel to the right line MH, which . 
touches the cycloid in the point H. 

Thirdly, the cycloidal arch IH intercepted be- 
tween the vertex and the point H, is double the 
chord IL.. | : 

The demontftrations of thefe properties may be 
feen in Huycens, Watuis, Cores, and others 
~ who have wrote of the cycloid. 

The contrivance whereby a pendulum is made to 
vibrate in the curve of acycloid, is thus. A cy- 
cloid as AVB, being defcribed on the bafe AB, py. «. 
“Jet the axis VD be produced towards C, till DC Fig. 17. 
becomes equal to VI); through the points C and A, 
and C and B, let two femi-cycloids CA and CB be 
drawn, cach equal to half of AVB, their vertices» 
being at A and B; if then we fuppofe CA and CB 
to be two plates of fome breadth, and an heavy 
body to hang from the point C by a ftring equal in 
length to CV, and to vibrate between the plates 
CA and CB, the upper part of the {tring will cor 
ftantly 
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Lec. ftantly apply it felf to that plate towards which the 
ie 


dy moves, and by fo doing caufe it to move in 


Wwy~ the cycloid AVB, as has been proved by Huycens 


Fie. 
Fig. 17. 


the author of this contrivance; and likewife by 
Cores in his treatife de motu pendulorum, where he 
has delivered the whole doétrine of pendulums in 
four THroreEms, which I fhall here lay down and 
explain. | - | , 


‘Turorem I. If a pendulum vibrating in a cys 
cloid as BVA, begins it’s motion downward towards 
V, from any point taken at pleafure as 1, and if upon 
@ radius as VL, equal in length to the cycloidal arch ! 
VL, a circle be defcribed , the velocities of thependu- 
lum in the feveral points of the cycloidal arch, will be 


a5 the right fines in the circle which are raifed from the 


correfponding points in the radius; for inftance, if in 
the radius LLM be taken equal to LM in the cycloia, 
and from the point M in the radius correfponding to the 
point Mm the cycloid, be raifed the righi fine MX, the 
velocity of the pendulum in the point M, after it has 
defcended from 1, will be as the fine MX. . 


For the proof of which, from the points L and 
M in the cycloid, let the right lines LOR and 
MOQS be drawn perpendicular to the axis, cutting 
the generating circle in O and Q, from whence to 
the vertex, let the right lines OV and QV be 
drawn. By the Coral. of the fixth Prop. the velo- 
city which the pendulum acquires in defcending, 
along the cycloid from L. to M, is equal to the ve- 
locity acquired by a:body in falling perpendicularly 


from R to S; but the Velocity which a body ac- 


- quires in falling perpendicularly, is in the fubdu- 


plicate ratio of the {pace defcribed, as I proved in | 
my lecture upon gravity ; confequently, the velo- 
city acquired by the pendulum in it’s defcent from 
LtoM, may be expreffed by the iquare root of 
wine | | RS; 
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RS; but RS, being equal to the difference be- Ing cr. 
_ tween RV and SV, the velocity in the pointM xX. 
may be expreffed by the {quare root of the difference wa-~w/ 
between RV and SV; or, becaufe RV multiplied 
into the axis DV, isto SV multiplied into the fame 
DV, as RV to SV, the velocity may be expreffed 
by the fquare root.of the difference between the 
— product of RVxDV and SVxDV; but from ‘the | 
nature of the circle, the product of RVxDV is 
equal to the fquareof VO; and the produc of 
_ SVxDV is equal to the fquareof VQ; wherefore, 
the velocity at M may be expreffed by the fquare 
_ root of the difference between the fquare of VO and 
the fquare of VQ but,. by the third property of 
the cycloid, VO is equal to one half of the cycloidal 
arch V L, and.V Q to one half of the arch VM; 
wherefore, as VO fquare, is to V Q fquare, fo is 
VL fquare, to VM fquare; confequently, the velo- 
locity of the pendulum at M may be expreffed by 
the fquare root of the difference between the fquare 
of V Land the fquare of VM; but the cycloidal 
arches V Land V M are by fuppofition equal to 
V Land VM inthe redins of the circle; and, from 
the nature of aright-angled triangle, the difference 
_ between the fquare of VX, which is equal to VL, 
and the fquare of V M, is equal to the fquare of 
MX: wherefore, the velocity of the pendulum at 
the point M, is as the fquare root of MX fquare, 
that is, as MX, as was afferted in the Theorenr. 
And what has been thus proved with regard to the 
velocity at the point M, isin like manner demon- 
ftrable with regard to the velocity at any other 
point as N; namely, that it is as the right fine 
NY raifed from the point N in the radius corre- 
{ponding to the point N in the cycloid ; fo. that the 
velocities of a pendulum defcending in a cycloid, 
are in the feveral points of the cycloidal arch, as the 
- right fines in a circle which are raifed from the cor- 
refponding points ef the radius, the radius being 
wise ts | 3 equal 
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_ Lec. equal in length to the cycloidal arch intercepted be> _ 
X. ‘tween the vertex and that point from which the 

—-—~ pendulum begins it’s motion. —Thus VM and VN 
in the radius, of the circle, being taken equal to 

VM and VN in the cycloid, fo as that the points 

M,N, V, in the radius; may. correfpond to the 

points M, N, V, in the cycloid, the velocities of 

the pendulum in thofe points are to one another, as 

the fines MX, NY, and VZ, the radius VZ ex+ 
preffing the greateft velocity at the vertex V. 


Pl.s. © TueorEem II. Jf a@ body be fuppofed to move uni- 

Fig. 17. formly in the curve of the circle, with a velocity equal — 
to the velocity acquired by the penduluin in it’s defcent 
from L.toV, which velocity is, as was juft now 
Jhewn, expreffed by the radius VZ ; any arch of the 
circle as XY taken at pleafure, will be defcribed by the 
body moving along it. in the forementioned manner, in — 
the fame time that the pendulum, which begins it’s mo- 
tion from the point L. in the cycloid, defcribes the cy- 
tloidal arch MN, correfponding to and equal in length 
to MN, that part of the radius, which les between the 
fines MX and NY, which terminate at the extremities 
of ‘the circular arch XY. | ott 


Let the fine FGH, be drawn indefinitely near — 
to the fine MX, and let XG be drawn parallel to — 
MF’; and let MF in the cycloid be equal to MF in 
the radius of the circle. By the foregoing, Theorem, 
the velocity of the pendulum in the point M, is as 
MX); and therefore, fince F is fuppofed to be in- 

definitely near to M, the little cyclotdal arch MF, 
equal to MF in the radius, is to be looked upon as 
_ defcribed by the pendulum witha velocity which is 
as MX and the little circular arch XH, is by 
fuppofition defcribed with a velocity which is as 
VZ, equal to VX; and the triangles. MXV and 
‘GXH being fimilar, inafmuch as the angles at M 
and G are right ones, and the angle MXV equal to 
| | GXH, 
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GXH, becaufeGXV is the complement of each Lect. 
of them toa right one; XH is to XG equalto X. 
ME, as VX or VZ to MX, thatis, XH and MF + \~— 
are to one another, as the velocities wherewith they 
are defcribed ; confequently, they muft be defcribed 
in the fame time... And what has been thus demon- 
{trated of MF and XH, isin like manner demon- - 
ftrable of the feveral correfponding parts in the cy- 
cloidal arch MN, and circular. arch XY ; confe- 
quently, the whole cycloidal arch MN, will be de- 
{cribed by the pendulum in the fame time, that the 
circular arch XY is defcribed by a body moving 
~ along it uniformly with the velocity exprefled by 

'VZ; and by the fame way of reafoning, the time 
of deferibing any other cycloldal arch as LV, is 
equal to the time of defcribing the corref{ponding 
circular arch LZ... | clang 

Coro. As a Corollary it follows, that the time 
wherein. a pendulum defcribes any arch of a cy- 
cloid as MN, may be expreffed by the correfpond- 
ing circular arch XY. . 

For, as the motion along the.curve of the circle 
is fuppofed to. be uniform, the time of defcribing 
- any arch as XY, muft beas the length of the arch’; 

but by the Theorem, the times of defcribing the cir- 
cular arch. XY, and the -cycloidal arch MN, are 
equal; confequently, the time in which the pendu- 
lum defcribes the cycloidal arch MN, 1s as the cir- 
cular arch XY. 


TuHeoreM IL. The time of one intire vibration 

of a pendulum moving in a. cycloid, is to the time 
wherein a body falls perpendicularly through a {pace e- 
qual in length to the axis of the cycloid, as the peripbe- 
ry of a circle to it’s diameter. 


se ALL things being: fuppofed as before, the time of p, @: 
defcribing the femicircular periphery LZP with the Fig. 17, 
i iS ie Oe (es a 
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Le ct. velocity exprefled by VZ, is to the time of defcrib- _ 
IX. ing the femidiameter LV with the fame velocity, 
‘ey as the femicircular periphery to the femidiameter, 
or-as the whole periphery to the diameter ; but the . 

time of defcribing the femicircular periphery LZV 

with the velocity VZ, is equal to the time of an in- 

tire vibration; for, by the eighth Prop. the time 
wherein the pendulum defcribes the cycloidal arch 

LV, is one half of the time wherein it performs an 
intire vibration; and by the fecond Theorem, the 

_ time wherein a pendulum defcribes the cycloidal 
arch LY, is equal to the time wherein the quadran- 
tal atch of the circle, to wit LZ, is defcribed with — 
the velocity exprefled by VZ; confequently, the — 
time of an intire vibration is equal to the time of — 
‘defcribing the femicircular periphery LZP ; and the 
time of defcribing the femidiameter LV with the 
velocity VZ, is equal to the time of a body’s fall — 
down the height of the axis DV; for, by the fe- 
cond Corol. of the third Prop. the fall down the 
axis DV, is performed in the fame time with the de- 
fcent along the chord OV ; and by the eighth Prop. 
the velocity acquired at the end of the defcent along — 
the chord OV, will in the fame time with that of 

the defcent defcribe a {pace equal to twice OV; but 
by the third property of the cycloid, twice VO is 
equal to the cycloidal arch LV, which by fuppofi- 

tion is equal to the femidiameter VL; and confe- 
quently, the velocity acquired at the end of the de~ 

{cent along the chord OV, is fuch, as will in a time 
equal to that of the fall down the axis DV, defcribe 

the femidiameter LV; but, by the Corol. of the 
fixth Prop. the velocity acquired at the end of the 
detcent along the chord OV, is equal to the veloci- 

ty acquired by the pendulum in it’s defeent along the 
cycloidal arch from L to V, which by the firft ~ 
.  Lheorem is as VZ ; wherefore, the time of defcrib- 

: «ang the femidiameter LV with the velocity VZ, is 

Ye eae bid: Oye equal . 
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equal to the time of the fall down the axis DV;Lecr. 
but it has been already proved, that the trme ofde- X. 
{cribing the femicircular arch LZP with the veloci- —w~—4 
ty VZ, isto the time of defcribing the femidiame- . 
ter LV with the fame velocity, as the periphery of 
the circle to it’s diameter ; and it has been likewife 
proved, that the time of deferibing the femicircular 
arch withthe velocity VZ; is equal to the time of 
an intire vibration of the pendulum; confequently, 
the time of fuch a vibration is, to the time of the 
fall down the axis, as the periphery of-the circle to 
it’s diameter. : a | 

--- Corox. From what has been proved it follows, 
_ that the time of a vibration of a pendulum moving 
in a given cycloid is given; or in other words, that 
all the vibrations of fuch a pendulum, whether they 
be in larger or fmaller arches, are performed in 
times exactly equal. on | 
| For, asit has been proved, that the time of the 
‘ vibration which begins from the point L is, to the 
time-of the fall down the axis, as the periphery of 
the circle defcribed on a radius equal to the cycloidal - 
arch VL, to it’s diameter; it may in like mannet 
- be demonftrated, that if the vibration begins from 
any other point as M, the time thereof will bear the 
fame proportion to the time of the fall down the 
axis, that’ the periphery of a circle defcribed on a 
_ radius equal in length to the cycloidal arch VM; 
does to it’s diameter ; but the ratio of the periphery 
~ to the diameter in any one circle, is the fame with 
that in any other; wherefore, the times of the vi- 
brations through unequal arches, have all the fame 
ratio, to the time of the fall down the axis, and of 
_ confequence muft be equal. 

From this equality in the times of the fwings it 
is, that this kind of pendulum is preferable to fuch 
as vibrate in circular arches, a’\being a more exact 
and juft meafure of time; a minute of mean or 
equal time being precifely so age by fixty dase’ 

, | 2 Q 
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of 4 pendulum of this kind, whofe length i is equal , 


to three horary feet, which anfwers to 39 inches and: | 


OF THE PENDULUM: oa 
4 
1 


one eighth of our meafure, according to Doétor 


Ha.uey; or to 39 inches and one fifth, accord-. 
ing to Sir Isaac Newron ; and now that I have | 
mentioned mean or equal, otherwife called true time, — 
it will not be improper in this place, to thew you. 


wherein it differs from that time, which by : aftrono-_ x 


mers is called unequal.and apparent time, 


As time-in it felf does not fall under the. notice. 


of our fenfes, and as the parts thereof go on in a> 
continued fucceffion one after another, no two ex-+ 


+2 
4 


my 


ifting together, it is impoffible to difcover the equa-~ 


lity or inequality of any. two portions of time, . by. 


an immediate comparifon. of one with the poet | ‘ 
and therefore, it was neceffary for thofe who firft 


thought of diftinguifhing the parts of time, to have — 
recourfe to fomething fenfible, and ofa eee 
nature from time, as a meafure thereof. And as 


nothing feems better fitted to ferve this purpofe, : 


than fuch, natural appearances as fall under every, 


man’s notice, and at the, fame time have ireavent. 4 


returns, itis highly probable, that in the firft ages 
of the world, men obferving the frequent since 
and fettings of the fun, took the one or the other. 
for their firtt meafure of time, calling that portion 
of time which paffed between two rifingsor fettings, 


which immediately fucceeded each other, by the * 


name ofa day; in like manner it is rational to fup- — 
pofe, that upon obferving the frequent returns of — 
the full and new moons, they made the one or the 
other their fecond meafure of time, calling that 
{pace which paffed between two fucceffive new or 
full moons by the name of a moon or month. And 
it is likely, that for fome time they contented them- 


Selves. with thefe. meafures, without knowing or ; 


confidering whether they were-exact or not: but 
in. procels of time, as men became better acquainted 
with the motions of the heavenly. bodies, they dift 
tu f covert 


a... | 
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‘covered fome irregularities in the apparent motion Lec r. 

_ of the fun, and of confequence, an inequality in the X. 
natural days which depend on that motion; inaf-—~— 

_ ‘much as the portion of time, which paffes between 
_ the fun’s departure from the plane of any meridian 
and it’s next return thereunto, is not always the 
‘fame. By confidering the caufes of this inequality, 
_ they were led into a method of making fuch cor- 
» reétions in the natural days, by:adding to fome, 
».and taking from others, as reduced them all to a 
mean equal length; each day being made to con- 
g fift of 24 equal hours, each of which is divided into 
 fixty equal parts called snutes, and each of thefe 
_ Into fixty others called feconds, and thefe again into 
_ thirds, and fo on in a fexagefimal progreffion, the 
_ parts of each denomination being conftantly equal 
_ among themfelves. And thefe parts of time thus 
reduced to an equality conftitute the mean or equal 
time, as it ftands diftinguifhed by aftronomers, 
_ from the unequal or apparent time, which is mea- 
_ fured by the apparent motion of the fun. 
In order to have a conftant meafure of equal 
time, Huycens contrived a method of adapting ° 

‘pendulums to clocks, whereby their motions are fo 
exactly regulated, as that in a clock whofe move- 
ments are rightly adjufted, the feconds, minutes,and — 

» hours, are for fome time pointed out with the greate 
eft exaétnefs ; I fay, for fome time only, becaufe 
* jt is not poffible that any clock whatever fhould 
continue exactly true for a long courfe of time; 

‘for as the pendulums of clocks according to 
Huvcens’s firft contrivance, and by the general 
practice of clock-makers at this day, are made to 

vibrate in circular arches, where the times of the 

_ vibrations are not precifely equal, unlefs the arches 
__ through which the pendulum moves be fo too, if the 
wheels on account of the thickening of the oil by 
_ frofty weather, or from any other caufe grow. more 


M 3 fluggith 
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Lect. fluggifh, foas to give the weight, which in clocks 
X. is the moving power, greater refiftance than ac- — 
t-—--—— cording to the firft adjuftment, the force of the — 
crown-wheel upon the palates of the pendulum will 
likewife be diminifhed, and of confequence, the 
pendulum being thrown lefs for cibly will move 
through {maller arches than before, and by fo doing, 
will meafure out {maller portions of time, the time» 
of fixty {wings not amounting toa minute, upon 
which account the clock ae gain, and go too faft. 
On the other hand, whenever the parts of F the move- 
ment which rub one againft another do, by reafon — 
of the thinning of the oil by the heat of the wea- — 
ther, grow more flippery, or from their conftant — 
friction become more {mooth, fo as to give lefs re- © 
 fiftance to the moving power than according to the © 
firft adjuftment, the crown-wheel aéts more forci- — 
bly on the pendulum, and caufes it to vibrate in 
larger arches, by which means the time of each 
{wing ts inlarged, and ‘of courfe the clock lofes 
and goes too flow. To remedy thefe inconve- 
niences, Hluycrns thought of a fecond method of © 
adapting pendulums to clocks, fo as to make them — 
perform their vibrations in cycloidal arches ; by | 
which means, though the force of the crown-wheel 
upon the pendulum fhould vary, fo as to caufe it 
_to vibrate fometimes in larger and fometimes in - 
imaller arches, yet will not any variation arife from 
thence in the times of the vibrations ; as is evi- 
dent from the Corollary of the third Lheorem ; fo 
that in clocks whofe motions are governed by pen- | 
dulums vibrating in cycloidal arches, the irregulari- 
ties arlfing from the variation of the force of the 
erown-wheel upon the pendulum are wholly avoid- 
ed; and yeta clock of this kind will not always 
go true ; for as the pendulum cannot vibrate in the 
curve, of a cycioid, unlefs the uppermoft part of 
the itring does as often as it moves from the per- | 
pendicular 
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pendicular towards either fide, form itfelf. into'a Lecr. 
_ cycloidal arch; and as this cannot be done unlefs X.. 
that part of the ftring be made of filk, or fome -——\— 
other foft and pliable-fubftance, which as fuch is 
apt to imbibe the moifture of the airs whenever 
the weather becomes remarkably moift, the watery 
particles, which float in the air, will infinuate them- 

{elves into the pores of the ftring, and by fo doing 
eaufe it to contraét‘and fhorten; upon which ac- 
count, the vibrations of the pendulum will be 
quickened, as will appear from the next Theorem, 

and the clock will gain. So that neither a clock of 
this, nor of any other kind can go exactly true 
for any long courfe of time, which is a thing well 
known to clock-makers, who have frequently ex- 
perienced the beft regulated clocks to vary in the 
compaf{s of a few months, fome feconds from the 
equation table, fo as to ftand in need of a new re- 
culation. 


Turorem IV. The times wherein pendulums p\, s. 
of different lengths as CV and AB perform their vt- Fig. 17. 
brations, are to one another in the fame proportion with 18. 

the fquare roots of the lengths of the pendulums. 


For, by the third Theorem, the time wherein the pj, «, 
pendulum CV performs it’s vibrations, is to the Fig. 17. 
time wherein a body falls down the axis DV, as the 
circumference of a circle to it’s diameter; and by 
the fame Theorem, as the circumference of a circle 
js to the diameter, fo is the time wherein the pen- 
dulum AB performs it’s vibrations, to the time PI. 5. 
wherein a body falls down the axis EB; confequent- Fig. 18. . 
ly, the time wherein the pendulum CV performs 
it’s vibrations, is to the time wherein the pendulum 
AB performs it’s vibrations, as the time of the fall 
down DV, is to the time of the fall down EB ; 
bat as I proved in my lecture upon gravity, the 
time of the fall down DV, 1s to the time of the 

| M 4 fall 
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Lect. fall down EB, as the fquare root of DV, to the 


X, 


iA. 


‘{quare root of EB; or, becaufe DV is one half of 


enya CV, and EB one half of AB, as the {quare root of 


CV, to the fquare root of AB; wherefore, the. 
time wherein the pendulum CV performs it’s vibra- 
tions, is’ to the time wherein the pendulum AB 
performs it’s vibrations, as the {quare root of CV, 
to the {quare root of AB, that is, the times are as 
the {quare roots of the lengths of the pendulums ; 
fo that if one pendulum be four times as long as an- 
other, the fhorter will vibrate in half the time, fo 
as to perform two vibrations in the fame time that 
the longer performs one. 

In this Theorem, as alfo in every thing elfe that 
has been hitherto faid concerning the pendulum, the © 


force of gravity is fuppofed to be given ; whence it 


follows, that if pendulums of different lengths, as 
CV and AB, perform their vibrations in equal 
times, the force of gravity in fuch pendulums muft 
vary, and that in proportion to the lengths of the 
pendulums, that is to fay, the force of gravity in 
the pendulum CV, mutt be to the force of gravity 
in the pendulum AB, as CV to AB. For, as the 
times of the vibrations are fuppofed to be equal, the 
‘times of the perpendicular falls down the axes DV 
and EB mutt likewife be equal, inafmuch as they 
have been proved to be proportional to the times of 
the vibrations; fince therefore, forces which aét 
conftantly and uniformly are to one another as the 
v locities which they generate in any given time, 
the force of gravity which carries a body down DV, 
muft be to the force of gravity which in the fame 
time carries a body down EB, as the velocity acqui- 
red at the end of the fall down DV, to the velocity 
acquired at the end of the falldown EB; but I proved 
in my lecture upon gravity, that the velocity acqui- 
red in falling down DV, is fuch as willin a {pace of 
time equal to that of the fall,catry a body thro’ a fpace: 
equal to twice DV, that is, thro’ a {pace equal to 

ek ior | the 
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“the length of the pendulum CV; and therefore, Lect. 
the time being given, the velocity may be expreffed X. 
by the length of the pendulum ; and for the fame “~~ 
reafon, the velocity acquired in falling down EB, 

may be exprefled by the length of the pendulum 

AB; confequently, the force of gravity which 
moves the pendulum CV, is to the force of gravity 

which aéts upon the pendulum AB, as the length of 

the former, to the length of the latter. Since there- 

fore, it has been found by experience, that a pen- 
dulum which vibrates in a fecond of time under the 

fine, muft be lengthened as it is removed from the 
 jine, and that more and more as it’s diftance there- 
from increafes; it is manifeft, that the force of 
gravity is lefs in the equatorial parts of the earth, 

than in any other, and that it increafes continually 

as the diftance from the line increafes, fo as to be 
ereateft under the poles ; in what proportion this 
increafe of gravity is made, and from what caufe 

it proceeds, I fhewed in my lecture upon gravity. 

“As the feveral parts of the cycloidal arch LV, Pi. s. 
have different inclinations to the plane of the hori- Fig. 17. 
zon, it is evident, from what has been faid con- 

cerning the motion of bodies upon inclined planes, 
- that the force which accelerates the motion of a pen- 
dulum in it’s defcent from L to V, muft continual- 
ly vary ; it being greateft in the point L, and thence 
continually leffening as the cycloidal arch fhortens, 
till at length in the point V it intirely vanifhes 5 
and what is particularly remarkable in this cafe is, 
‘that the accelerating forces in the feveral points of 
the cycloid, are to one another in the fame propor- 
tion with the cycloidal arches intercepted between 
the vertex and the refpective points ; for inftance, 
the force which accelerates the pendulum in. the 

oint L, is to the force which accelerates the fame 
_ 4nthe point M, as the arch LV, to the arch MV. 


For, 
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_. For, as the points L and M_ have the fame di- 
rections with their tangents, the accelerating forces 
in thofe points muft be the fame with the forces 
which accelerate the motions of bodies defcending 


along the tangents; or becaufe the chords OV and 


QV in the generating circle, are by the fecond 
property of the cycloid, parallel to the tangents at 


Land M, as the forces which accelerate bodies in 


their defcent upon the chords OV and QV ; but 
forafmuch as thofe accelarating forces act conftantly 
and uniformly, they muft be to one another, asthe 
velocities which they generate in a given time ; and 


. therefore, fance it has been proved, that the chords - 


OV and QV are defcribed in the fame time, the 
accelerating forces are as the velocities acquired at - 


. the end of the defcent along thofe chords; but it 


has likewife been proved, that thofe velocities are 
as the lengths of the chords; confequently, the 
force. which accelerates a body defcending along the 
chord OV, is to the force which accelerates a body 
defcending along the chord QV, as OV to QV; 
but forafmuch as by the third property of the cy- 
cloid, OV is one half of LV, and QV one half of © 
MV, asOV isto QV, foisLV toMV; and 
therefore, the accelerating force along OV, is to the 
accelerating force along QV, as the cycloidal arch 
LV, tothe arch MV; but it has been proved that 
the accelerating force along OV, is the fame with © 
the accelerating force in the point L, and that the 
accelerating force along QV, is the fame with the 
accelerating force in the point M3. confequently, 
the force at L, is to the force at M, as LVto MV 


- and what has been thus demont{trated of the forces 


at the points L and M, is in like manner demon-— 
itrable of the forces at any other points, fo that in 


, 2 pendulum defcending in the arch of a cycloid, the 


accelerating force isin every point as the length of 
the cycloidal arch imtercepted between the point and - 
3 the 
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the vertex; or in other words, the force is every | 
where proportional to the {pace to be defcribed. 

This then being the law of the accelerating force, 
and it having been proved, that the pendulum, 
whether it begins it’s motion from Ler M, or any 
other point in the cycloid, will arrive in the fame 
time at the loweft point V ; it follows, that if fe- 
veral bodies, placed at different diftances from any 
point or center, begin to move towards it at the 
fame inftant of time, with forces that are every 
_ where proportional to the diftances from the center, 
they will all arrive at the center at the fame inftant 
of time; which I thought fit to mention in this 

place, in order to avoid the trouble of demonftra- 
ting the fame, when I come to treat of the motions 
of mufical ftrings, towards the explaining of which 
this property will be of ufe. 


PEOTUR BUX 
Or tHE MorTion oF PROJECcTs. 


S the Doctrine oF Projects, whereof I Leer. 
intend to treat in this lecture, cannot be XI. 

_ rightly apprehended without fome knowledge of the Gammel 
parabola ; \ fhall by way of introduction thew the 

“manner wherein that curve is generated, and point 

out fuch of it’s properties as I fhall have occafion to 

make ufe of in explaining the motion of projects, 

referring you for their demonftrations to fate au- 

thors who have wrote of the conick fections. _ 

If a cone as ABC, be touched by a plane in the pi. 6, 
right line AB, and be cut by another plane parallel to Fig. 1. 
the former,the curve which arifesfrom the interfection 
of the plane with the furface of the cone is called a 
parabola being fuch as is reprefented in Fig. 2, 1n py. 6, 
which the higheft point P is called the principal ver- Fig. 2. 

Lex 5 
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Lect. ¢ew; the right line CAP paffing through the point P, 
XI; and perpendicular to the tangent at that point, is 
tev called the axis ; a right line as DA, drawn from any 
point in thecurve perpendicular to the axis, is called 
an ordinate to the axis; PA the part of the axis in- 
‘tercepted between the vertex and the ordinate, is 
called the ab/ciffe to that ordinate; a right line, being 
a third proportional to the abfciffe and it’s re{pective 
ordinate, is called the principal parameter, or the 
parameter to the axis ; a right line as DEH, drawn 
from any point in the curve parallel to the axis, is 
called a diameter; a right line as PE, intercepted 
‘between any point in the curve aid the diameter, 
and parallel to BD which touches the curve in the 
point D, is called an ordinate to that diameter DE 
~ the part of the diameter lying between the vertex D 
and the point EF, is called the ab/ciffe to the ordinate 
PE; anda right line, being a third proportional to 
the abfcifle DE and the refpective ordinate EP, is 
called the parameter to the diameter DH, or to the 

vertex IT). | 
The {quare of any ordinate divided by the re- 
{pective abfciffe, is equal to the refpective parame- 
ter; thus the fquare of DA divided by PA, or the 
{quare of OQ divided by PQ, is equal to the prin- 
cipal parameter ; and the {quare of EP divided by 
DE,as alfo the fquare of LM divided by DL, is equal 
tothe parameter belonging to the vertex D. The 
{quares of the ordinates to the axis, or to one and 
the fame diameter, are to one another in the fame 
proportion with their refpective abfciffa’s. Thus 
the fquare of DA is to the fquare of OQ, as PA to 
PQ; and the fquare of PE is to the {quare of ML, 

as DE to DL. 
In one and the fame parabola, the principal pa- 
‘rameter is the leaft of all the parameters ; and’ the 
other parameters increafe, as the diftance of their 
vertices from the principal vertex increafes, though 

- not in the fame proportion. : 

; If 
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_If from any point in.a parabola as 'D,.an ordi-Lecr. 
nate be drawn to the, axis, and if from the fame. XL. 
point a tangent be drawn. upward, it will meet the tey—. 
axis when produced ; and AB, the part of the axis 
intercepted between the ordinate DA and the tan-. 
sent DB, will be. bifected by P the principal. 
vertex. ats lita cael roa | 

_ Thefe. things being premifed;, if a body be. ~ 
thrown in any direction whatever that is. not per-. 
pendicular to the plane of the horizon, it will in. 
it’s motion defcribe a parabola. ol a 
_ For the proof of which, let AE be the dire¢tion py. ¢, 
of the.projection, which in the 3d Fig. is parallel to Fig. 3. 4. 
the horizon, andin.the 4th and sthinclined there- 5. 
to.y.and let AE be the fpace which the project, 
would defcribe in.any given time by means of the 
force imprefied, fuppofing it had no motion down-. 
ward from the force of gravity; likewife let AB be 
the fpace through which it would defcendin thegiven 
time by virtue of it’s own gravity, fuppofing it had. 
no other motion; then compleating the parallelo-. 
gram ABCE, it is manifeft from what was former-. 

‘ly faid concerning the compofition of motion, that 

at the end of the given time, the project muft by 
virtue of it’s double motion, be found in the point 
‘€; but, forafmuch as the ‘motion impreffed in the. 
direction AE, is uniform, the fpace defcribed, that 
is AE, muft be as the time, in which it is defcribed ; 
confequently, AE fquare, or BC fquare, is as the 
fquare of the time; but AB or EC, which is the 
{pace defcribed in the fame time by the force of 
gravity is likewife as the {quare of the time, as I 
proved in my lecture upon gravity ; confequently, 

ABis asthe {quare of BC; and therefore, from the 
nature of the parabola, the point C through which 
the project moves, muft be in the curve of a parabo- 

Ja, whofe diameter is AB, the vertex A, the point 
from whence the project beginsit’s motion, and the 

| bah parameter 
‘ Ne 
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Lect. parameter belonging to that vertex, BC {quare di- 
XI. vided by AB, or AE fquare divided by EC; and 
“enya what has been thus demonftrated of the point C, is 
in like manner demonftrable of all the other points 
through which the project moves; confequently, 
the line which it defcribes is a parabola. = =, 
The velocity of a project in any point of the pa- 
rabola as A, is fuch as a body acquires in falling 
down the fourth part of the parameter belonging to: 
that point. For the velocity of the projeét in the 
point A is fuch, as would carry it from A to E in 
‘the fame time that a body defcends from Eto C; 
and the velecity acquired in the defcent from E to C 
is fuch as, in the fame fpace of time with that of 
the fall, would carry a body through:a fpace equal’ to’ 
~ double EC ; confequently, that velocity is to'the, 
velocity of the project in the point A, as twice EC 
to AE, oras EC to} AE; butas EC isto * AF,° 
fo is the velocity acquired in falling from E to C, 
to the velocity acquired in falling down the fourth 
part of the parameter belonging to the vertex A ; 
for, by the nature of the parabola, the parameter 
: Cre AEg « 
belonging to the vertex A, is equal to - ~s —} 


- 


wherefore, the velocity acquired in falling from E 
to C, is to the velocity acquired in falling down the 
fourth part of the parameter, as the fquare root of 


4 AE aa 
EC to the {quare root of ae which. fquare 


roots are to one another, as EC to AE, as may 
“appear by multiplying each into the fquare root of 
EC; fothat the velocity acquired in falling through’ 
a fourth part of the parameter belonging to. the 
vertex.A, and the velocity of the projeét in the 
point A, have one and the fame proportion to the 
velocity acquired in falling from E to C3 confe- 
quently, from the nature of proportionals, thofe 
two velocities muft be equal, , 
i. . > defenee 
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Hence it follows, that if projects move through Le cr. 
the fame or different parabolas, the fquares of their XI. , 
velocities in the feveral points of the parabolas are Wayne 
to one another, as the parameters belonging to the 
refpective points; for, fince the velocities in the 
feveral points are equal to the velocities acquired in 
falling down the fourth part of the paratheters be- 
longing to thofe points, and fince the fquares of 
the velocities acquired in falling down the fourth 
part of the parameters, are to one another as the 
fpaces defcribed, ‘as I proved in my lecture upon 
gravity, it is evident that the fquares of the velo- — 
cities wherewith projects move through the feveral 
points of the parabolas which, they defcribe, .are to 
one'another in the fame proportion with the quarter 
parts of the parameters belonging to thofe points ; 
Ft the quarter parts of the parameters being to one 
another as the whole parameters, the fquares of the 
velocities in the feveral points of the paradbolas mult 
bear the fame proportion to one another, that the 
parameters do which belong to thofe points. — 
Since this is the cafe, and fince by the nature of © 
the parabola the principal parameter is lefs than any 
other, and that the other parameters grow larger 
as the points to which they belong are more diftant 
from the principal vertex ; ifa projeft be caft ob- ei 
liquely upward, asin Fig. 4. from A towards EF, it’s a 
velocity muft continually decreafe as it rifes and ap- 
proaches the uppermoft point P, wherein the velo- 
city being leaft muft thence increafe continually as 
the project defcends and recedes from the point Ps, 
and as in one and the fame parabola, where the di- 
{tances of any two points, as A and C, from the 
principal vertex P, are equal, the parameters be- 
longing tothofe points are likewife equal ; it is mani- 
feft, that a project muft have equal velocities in thofe 
points; and of confequence, fetting afide any diffe- 
rence which may arife from the refiftance of Hane 
mee the 
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the project will, ceteris paribus, ftrike a mark as 
forcibly in the point K as it dogs at it’s firft fetting. 


out in the point A, 
‘The velocity wherewith a project is thrown being 


given, the velocity thereofin any point of the curve 
may be thus determined. In the parabola of Fig. 3. 


let the axis BA be continued upward to D, fo as that 
DB may equal the height from which a body muft 
fall, in order to acquire the. fame velocity where- 
with the project fets out from G; then from any 
point in the curve taken at pleafure as K, let the 
horizontal line KL be drawn, and the velocity of 
the project in the point K, will be to the velocity 
wherewith it began it’s motion from G, as the f{quare 
root of DL, to the fquare root of DB. For, in. 


_ my lecture upon gravity, I proved, that ifa body 


be thrown direétly upward from B towards D, with 
the fame velocity that it acquires in falling from 
D to B, it willin any point of it’s afcent as L, have 
the fame velocity that it would acquire in falling 
from D to that point; but the velocity acquired in 


the defcent from D to L, is to the velocity acquired 


/ 


in the defcent from D to B (which velocity is by. 
{uppofition equal to the velocity wherewith the bo- 
dy is thrown up) as the fquare root of DL, to the 
fquare root of DB ; and by the eighth Prop, of my 
Jatt lecture,the velocity of the project at K,is the fame 
with the velocity at 1, confequently, the velocity 
thereofat K,is to the velocitywherewith it fet out from 
G,as the fquare root of DL,, to the {quare root of DB. 
Whence it follows, that if DB be equal to 1600 
feet,and DL to 400,the velocity of the project at K, 
is but one half of the velocity which it had at it’s fet. 
ting out from G; and if DL be equal to goo feet, 
then is the velocity at K, three fourths of the velo- 
city atG; fo that a project being thrown oblique-. 
ly upward with fuch a velocity as would carry it to 
the height of 1600 feet if thrown directly upward, — 

sth iP = will 
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will lofe a fourth part of it’s velocity by the time itLe ct. 
has rifen to the perpendicular height of 7oo feet, XI. | 
and one half of it’s velocity when it has rifen 500 —~—~ 
feet more. jt 
The velocity wherewith a project is thrown from 
any given place being given, as alfo the pofition of 
a mark, the directions wherein the project muft be 
thrown, in order to hit the mark, may be deter- 
mined in the following manner. : ean 
Let A be the place from whence the project is Pl. 6. 
thrown, C the mark fituated in the line AC whofe Fig. 6. 
length is given, as alfo the angle CAB, which it 
makes with the horizontal line AB; at A ereét the 
perpendicular AP, equal to the parameter belong- 
ing to the point A, which parameter is given, inaf- 
much as the velocity wherewith thé project is caft 
from the point A is given ; for it is equal to four 
times the height from which a body muft fall in or-. 
der to acquire that velocity, Let AP be biffected 
by the line KH, cutting it perpendicularly in G ; 
at A erect AK perpendicular to AC, and let it be 
continued tillit meets KH. From the point of con- 
courfe K, with the radius KA, let the circle AHP 
be defcribed. This being done, let a right line as 
-BCEI, be erected perpendicular to the horizontal 
line AB, fo as to pafs through the mark C, and if 
poffible to cut the circle in two points as FE, and I ; 
AE and AI are the two direétions, in either of 
which, the project being caft with the given velo- 
city, will hit the mark. eo 
For, drawing the lines PE and PI, the angles 
CAE and APE are equal, from the nature of the 
circle ; and from thé nature of parallel lines, the 
angles CEA and EAP are equal; confequently, 
the triangle AEC is fimilar to the triangle PAE ; 
and therefore, PA is to AE, as AE to EC; where- 
fore, multiplying the extremes and means, and di- 
viding by EC, PA is equal to mo in like man- 
N | ner 
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ner, the triangles PAI and CAI being fimilar, PA’ 
is equal to a Wherefore, fince PA is equal 


_ to the parameter at the point A, it follows, from 


the nature of the parabola, that thofe parabolas, 
which the project defcribes when thrown in the di- 
rections AF, and AI, muft pafs through the point 
C; confequently, the mark will be hit by a project 


thrown in either of thofe directions. 


Whenever the mark is placed at fuch a diftance 
from A on the line ACM, fuppofe at M, as that the 
perpendicular NMH which paffes through the mark, 
becomes a tangent to the circle at H, the mark is 
then at the utmoft limit on the line AM, to which 
a project thrown with the given velocity can reach, 


“and there is but one direétion, to wit AH, where- — 


with the mark can be hit; for it isevident, that any 
other direction muft terminate in fome point of the 
circumference above or below the point H; whence 
if a perpendicular be let fall to the horizontal Jine 
AN, it muft of neceffity fall on this fide of HN 
with refpect to A, and of confequence, cut the line © 
AM in a point lefs diftant from A than is the 
PORE Mt, “te | 

~ The line AH, which denotes the direction of the 

roject, when thrown to the greateft diftance pof- 
fible on the line AM, biffects the angle PAM, — 
which meafures the vifible diftance between the ze- 
nith or vertical point P and the mark M. For, by. 
the nature of the circle, the angle MAH is equal 
to the angle HPA ; and forafmuch as.in the tri- 


’ angles HPG and HAG, the fides PG and AG are 


equal by conftruction, and GH common to both, 
and the angles at G right ones, the angle HPG is 
equal to HAG, confequently HAG or HAP is 
equal to MAH, that is, the angle PAC is biflected — 
by the line AH da hiid tes 


If 


Or tiie MOTION oF PROJECTS, 18% 
If the line ACM be fituated below the horizontal LE ¢ 1° 
line AN, which is the cafe when the mark is feated XE. 
on a defcent, let all things be conftruéted as before; 
and the fame things will obtain ; to wit AI and § 

_ AE, will be the directions neceffary to hit the mark Fg ” | 
at C ; and the line AH will biffect the angle PAM; 

which meafures the apparent diftance between the 

zenith and the mark; and the point M will be the 

utmoft limit on the line AM, of a project thrown 

with the given velocity ; the demonftrations of — 
which are exactly the fame as in the foregoing 

- eafe. 

If the mark be placed on a level, the line ACM 
will coincide with the horizontal line ABN, and Pl. 6. 
the parameter AP, will pafs through the centre of Fig. 84 
the circle and become a diameter, the points K 
and G coinciding. 

In this cafe, the horizontal diftance of the mark, 
to wit AC or AB, is as the fire of the doubled 
angle of elevation; or in other words, the hori- 
zontal range, or the diftance to which a project is 
thrown on the plane of the horizon’ with a givert 
velocity, is as the fine of the doubled angle of 
elevation. 

For AC, the horizontal range of a proje&t thrown 
with a given velocity in the direction AE, is equal 
tg DE, the fine of the angle AKE; but, from’ 
the nature of the circle, the angle AKE is double:-. 
‘the angle APE, which is equal to CAE, the angle 
of elevation; confequently AC, the horizontal dif 
tance of the mark, or the diftance to which a pro- 

_ ject is thrown on the plane of the horizon with a’ 

given velocity, is as the fine of the doubled angle’ 

of elevation. | 

Hence it follows, that in order to throw a pro- 

_ jeét with a given velocity, to the greateft diftance’ 
poffible on the plane of the horizon, the direction 
of the projection muft be elevated in an angle of 45 
. degrees ; ; for, fince the fine of twice 45 or go de- 
N 2 Crees 


‘ 


186 Or tHe MOTION or PROJECTS. 


Lec T. grees is equal to the radius, and of confequence, the _ 
XI. greateft of all the fines ; and fince the horizontal — 
t—-~-—/ ranges at the feveral angles of elevation are to one ~ 
another, as the fines of the doubled angles of eleva- 
tion, it is manifeft, that the greateft range, or as it — 
is ufually called by gunners, the greateft random, 
mutt be when the project is caft in a direction whofe 
elevation is 4.5 degrees ; moreover, the greateft ran- 
dom is ever equal to one half the parameter at the 
point from which the projection is made ; for the 
line AM, which exprefies the greateft random, is 
equal to the radius KH, or half the diameter AP, 
which by the conftruction, is equal to the parame- 
ter belonging to the point A; fo that where the 
velocity with which a project is thrown is given, the 
utmoftt diftance which that project can reach on the 
horizontal plane, is likewife given; for it is equal 
to twice the height, from which a heavy body muft 
fall in order to acquire the velocity wherewith the. 
project is thrown ; the parameter belonging to the 
point A, having been already proved equal to four 
times that height. — | 
- A fecond confequence of the horizontal ranges 
being as the fines of the doubled angles of elevation 
is, that if two projects be thrown with equal velo-_ 
cities, in direétions whofe elevations are equally dif- 
tant from 45 degrees above and below, for inftance, 
if the elevation of one be 60 degrees, and that of 
the other 30, whereof the former exceeds 45. de- 
grees, and the latter falls fhort thereof by 15 de- 
grees, the horizontal: ranges will be equal ; or, in 
other words, the two projects will fall on the plane 
of the horizon, at the fame diftance from the place of 
projection ; for as the fum of any two arches of a 
quadrant, whereof one exceeds 45 degrees, as much 
as the other is exceeded thereby, 1s equal to a qua-: 
drant, 1t is manifeft, that two fuch arches are com- 
plements to each other ; wherefore, fince by the na- 
ture of the circle, the fine of a doubled arch is equal. 
3 to 
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to the fine of it’s doubled complement, the fines of Lz c T- 
the doubled angles of two elevations equally diftant XI. 
from 45 degrees above and below, mult be equal 5 wy 
and fo of confequence muft the horizontal ranges 
which are proportional to thofe fines. And thus it 
would conftantly be, were it not for two caufes which 
do in fome meafure difturb this law of projects, fo 
as to make the horizontal ranges of the higher ele- 
vations to fall fhort of thofe of the lower. 

The firtt of thefe difturbing caufes is the ar, 
which as it refifts, and thereby retards the motions 
of projects, mutt,’ ceteris paribus, caufe a greater 
- retardation in thofe motions which are of longett 
continuance 3, confequently, fince the higher the 
elevation of the direétion is, the longer is the time of 
the project’s motion, as fhall be fhewn hereafter ; 
if the directions wherein two projects are caft with 
equal velocities, be equally diftant from 45 degrees, 
the one aboveand the other below, the project which 
is thrown in the higher direCtion, will be more re- 
tarded than that which is thrown in the lower; and 
of courfe, will fall on the plane of the horizon at 

a lefs diftance from the place of projection. 

_-'The fecond difturbing caufe obtains with regard 
- to fuch projects only as are thrown by the force of 
gin-powder. As the force of the powder atts upon 
the ball during it’s continuance in the barrel, fo. does 
it likewife to fome diftance beyond the muzzle ; 
and by fo doing makes the ball to move forward in 
a right line, which line 1s commonly called the de 
of impulfe of fire ;-at the end of which, the ball 
quitting the blaft of the powder, begins to move in 
the curve of a parabola. ati 

Now, though the ait gave norefiftance to projects, 
yet mutt the horizontal ranges of a ball fhot out of 
the fame piece with equal charges, in two directions 
equally diftant above and below 45 degrees, be dif- 
ferent on account of the different directions of the 

a ee line 
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line of impulfe of fire; for, let us fuppofe a gun at 
A, to difcharge two equal balls with equal quanti- — 
ties of powder, one in the direétion AB, and the 
other in the direGtion AC, AB being as far above 


45 degrees, as AC is below it; and let ABand AC 


denote the lines of impulfe of fire, fo that at Band © 
C the balls will begin to move in parabolic curves 3 
from which pojnts let fall the perpendiculars BD 
and CE; it is manifeft, that AD, which is the 
fine of the complement of the higher elevation, 
will denote that part of the horizontal range which 
is owing to the line of fire, ‘when the project is 
thrown according to the higher elevation ; and 
AE, the fine of the complement of the lower ele- 
vation, will be that part of the horizontal diftance, 


which is owing to the Jine of impulfe when the 


project is thrown according to the- lower ele- 
vation ; confequently, fince the fine of the com- 
plement of a leffer angle is ever greater than that of 
a larger angle, the horizontal range of the lower — 
elevation muft exceed that of the higher, fo that 
where projects are thrown with the fame velocity by 
the force of powder, in direétions equally diftant 
above and below 45 degrees, thofe mutt range far- 
theft which are thrown according to the lower ele- 
vations, as well on account of the line of fre, as 
of the refiftance of the air. | 

The altitude to which a project rifes, is as the 
verfed fine of the doubled angle of elevation ; for 
the proof of which, let AE be the direction of the 
projection, and let AC or AB be biffle@ed in iL 
and from the point of biffeCtion ereét the perpen- 
dicular TR fince the point T is equally diftant 
from A, where the project begins it’s motion, and 
from B, where the motion of the project ceafes, 
TR will be the axis of the parabola which the pro- 
ject defcribes ; and, from the nature of the parabola, 
will be biffected in V by the principal vertex 
wherefore, TV will be the height to which the ne 
} hie 
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ject rifes ; but, from the nature of fimilar triangles, Lz ¢ T- 
fince AT. is one half of AC, TR is likewife one XI. 
half of CE, and confequently, TV one fourth of -—v—- 
CE; wherefore, from the nature of proportionals, 
TV is asCE; but CE is equal to AD the verfed 
fine of the angle ,AKE, which by the nature of the 
circle, is double APE; and APE is likewife, by 
the nature of the circle, equal to BAE the angle 
of elevation ; wherefore, TV, or the height to 
which the project rifes, is as CE, the verfed fine of 
the doubled angle of elevation ; hence it follows, 
that the greater the elevation is, the higher the pro- 
jet will rife, inafmuch as the verfed fines of the 
‘doubled angles of elevation increafe continually with 
the elevation, till at length the elevation becoming 
perpendicular, the verfed fine of the doubled eleva- 
tion becomes equal to the diameter, which being the 
- greateft of all the verfed fines, the altitude of the 
perpendicular projection muft likewife be greateft ; 
- and it is equal to one fourth of the parameter; for, 

I fhewed you in my lecture upon gravity, that if a. 
body be thrown up with any velocity, it will rife to 
the fame height, from whence if it fell from a {tate 
~ of reft, it would by the end of the fall acquire the 
~ fame velocity wherewith it is thrown up; and in 
this leture I proved, that the velocity wherewith 
‘a project moves in any point of the parabola, is equal 
to the velocity acquired by a heavy body in falling 
down the fourth part of the parameter belonging to 
that point ; confequently, a project thrown up with 
a given velocity from the point A, will rife to a 
~ height equal to the fourth part of the parameter be- 
longing to that point. ence it appears, that the 
_ greateft height of the perpendicular projection, is 
equal to half the gréatett random, inafmuch as the 
greateft random has been. proved equal to half the 
parameter belonging to the point A. | 
The time of the flight of a project thrown with 
- agiven velocity, is as the fine of the angle of eleva- 
i N tion 5 
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Lec vr.tion: for inftance, the time of the flight of a pro- 

XJ. ject thrown with a given velocity in the direétion — 

—~v—-—/ AF, is as the fine of CAE, the angle of elevation; — 

for fince the projeét: moves through the curve of a 

parabola from A to C, by virtue of its uniform mo- 

tion in the direétion AE, and of it’s accelerated mo- 

tion in the direction EC, it is evident, that the 

* time of it’s fight through the parabola, muft be equal 

to the time of it’s uniform motion from A to EF 5 

but as the velocity is given, the time of the motion 

from A toE, mutt be as the {pace defcribed, that — 

is, as AE; or by the nature of proportionals, as one 

half of AE; but AE being the chord of the arch 

AE, which meafures AKE, the doubled angle of 

elevation, one half of AE. is equal to the fine of 

half the arch AE, that is, tothe fine of the arch 

which meafures CAE, the angle of elevation; con-_ 

fequently, the time of the flight is as the fine of the 

angle of elevation. Hence it follows, that the 

greater the elevation is, the longer the time of the 

flight will be; as alfo that the time of the perpen- 

dicular flight is greateft of all, the fine of the per- 
pendicular elevation being equal to radius. 

If the velocity wherewith'a project is thrown be’ 
required, it may be determined from experiments | 
in the following manner; by the help of a pendulum 
or any other exact chronometer, let the time of the 
‘perpendicular flight be taken ; then, forafmuch as 
the times of the afcent and defcent are equal, the 
time of the defcent mutt be equal to one half of the 
time of the flighr, confequently, that time will be 
known ; and, forafmuch as a heavy body defcends — 
from a ftate of reft at the rate of 16 feet in the firtt 
fecond of time, and that the {paces through which ° 
bodies defcend are asthe fquares of the times; if we 
jay, as one fecond is to fixteen feet, fo is the {quare 
of the number of feconds which exprefs the time of 
the defcent of the projeét, to a fourth proportional, 
we fhall have the number of feet through which the 

: ‘ project 
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project fell, which being doubled, will give us the Le cr. 
number of feet which the projeét would defcribe in XI. 
the fame time with that of the fall, fuppofing it —\~— 
moved with an uniform velocity, equal to that 
which it acquired by the end of the fall; which laft 
found number of feet, being divided by the num- 
ber of feconds which exprefs the time of the pro- 
ject’s defcent, will give a quotient, exprefling the 
number of feet through which the project would move 
in one fecond of time with a velocity equal to that 
which it acquired in it’s defcent, which velocity is 
equal ‘to the velocity wherewith the project was 
thrown up; confequently, the velocity wherewith 
the project was thrown up is difcovered. To illuf- 
- trate this by an inftance, Jet us fuppofe half the time 
of the perpendicular flight to be 8 feconds , then, 
as one is to 16, fo is'64, the fquare of 8 feconds, to 
10243; which being doubled, and then divided by 
8, gives 256 in the quotient; which fhews that the 
project was thrown upward with fuch a velocity as 
would carry it, fuppofing it moved uniformly, at 
the rate of 256 feet in‘one fecond of time. | 

Perhaps it may be objected, that the method here 
_Jaid down for difcovering the velocities of projects, 
is founded on experiments in which projects are fup- _ 
pofed to move freely without any let or impediment, 
whereas the air refifts and retards all projects in their 
motions, fo as not to fuffer them to rife to the fame 
height, or to return with the fame velocity, that 
they would in cafe they moved zm vacuo; in anfwer 
to which, it muft be confeffed, that in the experi- 
ments here made ufe of, the air does refift and im- 
pede the motions of projects, fo as to fhorten their 
afcent, and to leffen the velocity of their re- 
turn; but then this does very little affect the truth 
of the conclufions which are gathered from thefe 
experimegts concerning the velocities, wherewith 
projects begin their motions; for, as in the method 

‘ oy | laid 
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I. 2 ¢ T. laid down, the only thing neceflary to be known’ 
XI. from experiment, is the true time of the flight of a — 
ya project, fuppofing it to move i” vacuo; if that 
time can be had from thefe experiments, the veloci- 

ty wherewith the project fets out may be rightly de- 
termined, notwithftanding the refiftance of the airs 

but the time of the flight of a project thrown di- 

reGtly upward, is very nearly the fame zm vacuo, as 

in the airs for, as much as the time of a project’ S 

afcent is fhortned by the refiftance of the air, fo 

much very nearly is. the time of its defcent length- 

ned by the fame: refiftance, confequently, the. ni 

time of the flight in air muft be very nearly 

equal to the time of the flight i vacuo; and there- 

fore, the time of the flight a vacuo is Bot, by | 

fabing. the time of the Aight in air. : 
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Experiments concerning projetis made with a fmall Xt. 
mortar, the length of whofe chafe was 5% inches ; ——~=d 
the diameter of the ball and chafe 3% inches ; weight 
of the hollow ball 23000 grains ; length of the 
chamber 2 inches, and its diameter 5, inch. 
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powder in|elevation.| ranges inj flights in hal 
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N this lecture I fhall give you an account of the 
gravitation and preffure of WATER, and fuch- 
other FLUIDS, as are commonly called Lieuips. 
A fluid in general is a body, whofe parts yield to 
any force imprefled, and in Vasile are eafily 
moved one among another. : 
The minute particles of fluids do not feem to 
differ from thofe of folid bodies ; inafmuch as fluids 


_ and folids are frequently converted into one, ano-: 


ther. Thus water and watery fluids are by cold 
changed 1 into ice; which by heat is again reduced: 
to it’s fluid ftate. Metals of all kinds being melted 
become fluid, and upon cooling grow folid again. 
‘The moft folid and ponderous “woods, as alfo the 
hardeft flones may, by the force of fire, in a great 
meafure be converted into water, as is well-known. 
to the chemifts. And there are not wanting in- 
flances in nature of the groffeft bodies being turned 
into the fubtile fluids of air and light, and thefe’ 
again into grofs bodies. Which changes can fcarce- 
ly be accounted for, unlefs we fuppofe the minute 


| particles of fluids to be of the fame nature with thofe 


of folid bodies. But be this as it will, moft certain 
it is, that fluids as well as folids confit of heavy — 
particles, whofe gravity is ever proportional to the 
quantity of matter which they contain. This hav- 
ing been found as far as experience reaches to be the - 
univerfal property of matter, whatever be the form) 
under which it appears... Moft indeed of the an- 
cient naturalifts, not being fenfible of any weight or 
preffure from the air about) them, or from the in- 
cumbent water when immérfed therein, were of opi- + 


nion, that the parts of one and the fame element 
did 
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did not gravitate one upon another; which opinion Le cT 


has been exploded by the moderns as erroneous ; 


and that it is fo, will appear from the following -—~—= 


experiment. 


Let an empty phial clofe ftopped and immerfed Exp. '- 


in water, be fufpended from one end of a balance 
and poifed ; then let the ftopple be taken out, that 
the water may run in, the phial upon receiving the 
water will preponderate, and bear down the arm of 
the beam from which it hangs; which evidently 
proves, that the parts of water retain their gravity: 
in water, fo as to prefs and bear down upon the. 
parts beneath them; otherwife the phial would not 

become heavier upon the admiffion of the water. 
From the gravity of the parts it follows, that 
fetting afide all external impediments, the furface 
of a liquid contained in a vefiel muft be fmooth and 
level ; for fhould. any part ftand higher than the 
reft, it muft defcend by the force of it’s gravity, 
and in fo doing, fpread and diffufe itfelf till it 
comes to be ona level with the other parts. As the 
gravity of the parts reduces the upper furface to .a 
level, fo does it likewife occafion a preflure on the 
lower parts, greater or lefs in proportion to their 
‘depth below the furface, each part fuftaining a 
preffure equal to the weight of all thofe which. lie 
above it ; whence it follows, that the parts which 
are at equal depths below the furface, are equally 
preffed, and of confequence muft be at reft, contra- 
ry to the opinion of thofe, who make the nature of. 
fluidity to confift in the conftant actual motion of 
the parts one among another. Should this equality 
of -preflure at any time be deftroyed, then indeed a 
motion will arife in the parts of the fluid, aid con- 
tinue till the preffure becomes equal again, as may 
appear from the following experiment ; whereby 
the truth of what has been faid concerning the pref- 
fure of the fuperior parts of fluids on thofe beneath 

them, will likewife be confirmed. | 

2 Take 
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Take a glafs tube open at both ends, and ftop- 
ping one end with a finger, immerge the other in 


——~— water to any depth whatever ; .upon the immerfion, 


Exp. 2. 


_ the water will rife in the tube, but the height to 


which it rifes, whilft the upper orifice continues 
ftopped, will be but fmall; but upon removing. 
the finger, it will rife to the fame height with the 
water without *. | aR 
When the tube is tmmerfed, that portion of wa- 
ter which lies beneath the orifice ceafes to be equal- 
ly prefled with the other portions that are at the 
fame depth ; for that portion bears no other pref- 
fure than what arifes from the fpring of air included’ 
in the tube, (which preffure is equal, as fhall be 
fhewn hereafter, to the preffure arifing from the 


- weightof the externalair) whereas, the other portions 
_ do not only bear the preffure of the air, but like- 


wife the weight of the incumbent water ; forafmuch 
therefore, as the portion of water which lies beneath 
the orifice, 1s prefled down lefs forcibly than the ad- 
jacent portions, it muft give way and rife in the 
tube, but the height to which it rifes, whilft the up~ 
per orifice of the tube continues ftopped, can be but 
imall ; becaufe, as the water rifes it compreffes the 
air in the tube, and thereby ftrengthens its fpring, 
fo as to make it prefs with greater force ; and when’ 
the air is fo far compreffed by the rifing water, as 
that the force of it’s {pring, added to the weight of 
the elevated water, makes the fame preflure on that. 
portion of water which lies beneath the orifice, as-. 
the joint weight of the atmofphere and external wa- 
ter does on the other portions, which are at the 
fame depth with the former, then the water ceafes 
to rife. Upon opening the upper orifice of the 
tube, by the removal of the finger, the compreffed- 
air finding a paffage through that orifice, expandsand: 
dilates itfelf till it becomes of an equal denfity with: 
.® The water is tinged of a fine blue purple colour with | 
a few grains of Sal Armoniack and Copper. b 
j the = 
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the external air; by which means, the preffure ari- Lec r. 
fing from the condenfation of the air is taken off, XIL 
and of confequence, the water which lies beneath —~——# 
the orifice is lefs preffed than the adjacent portions, 
and for that reafon muft rife, and continue fo to do, 
till the elevated water in the tube gravitates as for- 
cibly on the water beneath the orifice, as the exter- 
hal water does on the neighbouring portions ; but 
this it cannot poffibly do, till it comes to be of an 
equal height with the external water. _ puts 

~ Shoulda lighter liquid be poured on the external 
water, the water within the tube will rife yet high- 
er than before; and the height to which it rifes 
above the furface of the external water, will be fo 
much lefs than the height of the lighter liquor above 
the fame furface, by how much the fpecifick gravi- 
ty of the water exceeds that of the lighter liquor ; 
for inftance, if the fpecifick gravity of the water be — 
to the fpecifick gravity of the lighter liquor, as two 
to one, the height of the water in the tube above the 
levelof the external water, will be'to the height of the » 
lighter liquid, asonetotwo; becaufe in that cafe, one: 
part of water makesan equal preffure with two partsof 
the lighter liquid. To illuftratethis by anexperiment. 
© Let oil of turpentine, whofe fpecifick gravity is Exp. 3. 
_ to the fpecifick gravity of water, as 83 to 100, be 


poured on the external water to the height of 3 
“Gnches and an half, and the water will rife in the 
tube to the height of 7 inches and 3. above the le- 
vel of the external water; that is, the heights of 
the water and oil will be in the reciprocal propor- 
tion of their {pecifick gravities 5 for 7 and 4, is to 8 
and +, or, which i8 the fame thing, 73 ‘is to 85, 
very nearly, as 83 to 100. Sah 
“The fame thing is in like manner confirmed by. 
the following experiment. | Pci ae Werk : 
Let one end of a {mall tube‘open at both ends, Exp. 4. 
* be immerfed in mercury contained ina larger tube, 
"and let water be poured upon the mercury in the 
| larger 
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larger tube to the height of 34 inches; the mercu- 
ry will rife in the fmaller tube to the height of 2 
inches and an half above the level of the mercury 
in.the larger tube ; fo that the height of the mer- 
cury in the fmaller tube above the level of the mer- 
cury in the larger, .will be to the height of the wa- 


terabove the fame level in the reciprocal proportion 


of their fpecifick gravities; for 2% is to 34, as 1 to 
132, which numbers exprefs the proportion of the 
fpecifick gravity of water to that of mercury. 

The preflure which the lower parts of a liquid 
fuftain from the weight of thofe which lie above 
them, exerts itfelf every way in all manner of di- 
rections, and that equally; or in otherwords, what- 
ever be the force wherewith a drop of any liquid is 


| _ prefled downward by the weight of the incumbent 


quid, with the very fame force is that drop preffed 


- upward, as alfo laterally and obliquely, and ina 


Exp. 5. 


word, in all kind of directions whatever ; otherwife 
the drop, which from the nature of fluidity, readily. 
yields and gives way to any impreffion, muft, by, 
reafon of the preflure from.above move out of it’s 
place ; but this it cannot poffibly do, becaufe the, 
dropsall around it being equally prefled from above, 
do on all fides refift the motion of. that drop, with 
the fame force that it endeavours to move; confe- 
quently, the drop muft continue at reft, and. be. 
prefled on, all fides with the fame force that it is 
from above; and what has been thus proved of one, 
drop, isin like manner demonftrable of all the reft ; 
and therefore, the preffure on the lower parts of. a. 
liquid exerts itfelf equally every way, as will ap-. 
pear from the following experiment. . ie 
Let four tubes open at both ends be immerfed in. 
water to the famedepth, their upper orifices being 
firft ftopped, and let the lower orifices be fo fituat-_ 
ed, as that the water in entring may move directly 


upward in one, and directly downward in another,; 


obliquely. 
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obliquely in’a third, and horizontally in the fourth; Leer, 
upon opening the upper orifices, the water will rife XII. 
in all of them to the fame height with the external y= 
water, as being preffed in the feveral directions with 
‘a force equal to the weight of the incumbent 
water. | 

From the preffure of liquids upwards it is, that 
folid bodies fpecifically lighter than liquids, are 
made to afcend when immerfed therein. For when | 
a folid body is immerfed in a liquid, it preffes that 
part of the liquid whereon it refts, with a force equal 
to the weight of a column compofed of the body it 
felf, and that portion of liquid which lies upon it; 
and the water preffes upward againit the body, with 
a force equal to the weight of a like column of the 
liquid alone ; which force, inafmuch as the liquid is 
heavier than the folid, muft overcome the force 
wherewith the body preffes downward, and of con- 
- fequence, the body muft rife with the difference of 
thofe forces ; as fhall be fhewn more fully in my 
next lecture. Ifby any contrivance the preffure of 
the liquid from beneath can be taken off, a body 
though fpecifically lighter will not rife in aliquid but 
_ remain immerfed, as in the following experiment. . 
A brafs plate being joined to one end of a cylin- Exp, 6, 
_ drical piece of wood, and another plate of the fame ; 
fize and fhape being fixed. in water ; let the cylin- 
der be totally immerfed,and let it’s plate be laid up- 
-on the other in fuch a manner, as that no water 
may get between ; the cylinder though fpecifically 
lighter will remain beneath the water, being preffed 
down by it’s own weight and that of the incumbent ~ 
water, whilft the contrary preffure of the water from 
- beneath, is kept off by means of the plate whereon 
the cylinder refts. ee | 
_ As bodies fpecifically lighter than liquids, are 
forced up, on account of the preffure from below ® 
being greater than the force wherewith the bodies 
ABS do/ivicl-: Orr snes prefs 
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prefs downward ; foon the other hand, bodies fpe- 
cifically heavier muft fink, becaufe the force where- 
with they prefs downward exceeds the preffure from 
beneath which oppofes their defcent; and the force 


wherewith they defcend is equal to the difference of — 


thofe forces; as fhall likewife be fhewn in my next 
lecture. If by any contrivance thofe two forces 
can be reduced to an equality, then the bodies will 
not defcend but remain fufpended in the liquid ; as 
in thefollowing experiment. My 

Let a brafs plate, whofe fpecifick gravity is to 
that of water, as 9 to 1, be adapted to the neck of 
a glafs veffel in fuch a manner, as that being im- 
merfed in water no part of the water may get up- 


oh it’s upper furface ; let it then beimmerfed to the - 
_ ‘depth of nine times it’s own thicknefs, (that is, to 


the depth of 2 inches and +2, the thicknefs of the 


plate being -% of an inch) and it will remain fuf-_ 


pended ; but upon pouring ever fo little water upon 


it’s upper furface, it will immediately defcend and 


fall to the bottom. o | 

The plate being immerfed to the depth of nine 
times it’s own thicknefs, is preffed upward by a force 
equal to the weight of a column of water, whofe 


- height is nine times as great as the thicknefs of the 


Exp. 8. 


plate; which weight, inafmuch as the fpecifick gra- 
vity of the water is to that of the plate, as 1 to 9, 
is equal to the weight of the plate, that is, to the 


force wherewith the plate prefles downward ; foras _ 


none of the water lies on it’s upper furface, it can 
prefs downward with no other force than what arifes 
from it’s own gravity ; confequently, in this cafe, 
the force which refifts the defcent, is equal to the 


force which promotes it, and of courfe, the plate — 


muft remain in it’s place. When a little water is 
poured on the plate, the weight of that added to the 
weight of the plate, overcomes the refifting force 


of the water, and caufes the plate to defcend. Should 


the plate be immerfed to twice the former depth, 
| it 
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it will not defcend though loaded with water to the Lec rs 
height of nine times it’s own thicknefs; for asin XII. 
this cafe, the depth to which it is immerfed 1s dou- --~w—-4 
ble the former, fo likewife is the force wherewith 
the water preffes upward ; confequently, that force 
is fufficient to fupport twice the weight of the plate, 
and therefore will fuftain the plate when loaded with 
water, to the height of nine times it’s own thick- ~ 
nefs, fuch a quantity of water being juft equal in 
weight. to the plate. | | 

If by pouring on more water, the force where- 
with the plate prefles downward be increafed, or by 
raifing the plate nearer to the furface of the water, . 
the force wherewith the water preffes upward be di- 
minifhed, the plate will fall to the bottom ; and on” 
the other hand, if by immerfing the plate toa great- 
er depth, the preffure of the water upward be in- 
creafed, the plate will be thruft upward againft the 
glafs, and would actually afcend were it not hin- 

dered by the glafs. 3 

From what has been faid it follows, that if S be 
put to denote the number expreffing the {pecifick 
gravity of the plate, that of water being unity ; D 
_ bethe depth towhich the plate isimmerfed exprefied 
in the thicknefs of the plate, and H the height of 
the water upon the plate exprefled likewife in the 
thicknefs of the plate; D muit be equal to the fum 
_of S and H in all cafes where the plate remains fuf- 
pended ; and if there be no water upon the plate, 
then D and S muft be equal; wherefore, if in the 
former cafe, D be greater than S and Hi taken to- 
gether, or in the latter, than S alone, the plate will 
-afcend if not hindered by the glafs; and on the o- 
ther hand, if D be lefs, the plate will defcend and 
~ fall to the bottom. 3 

The preffure which the bottom of a veffel fuf- 
tains from a liquid contained in it, whatever be the 
fhape of the veftel, is equal to the weight of a pil- 


lar of the liquid, whofe bafe is equal to the area of 
ivy 3 Dp ans the 
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I:z c 7. the bottom, and whofe height is the fame with the 


XIL. 


ee aimed 


perpendicular height of the liquor. oe, , 

That this is the. cafe in veffels that are equally — 
wide from top to bottom, is plainand abvious; in- _ 
afmuch as the bottom of every fuch veflel does ac- 
tually fuftain fuch a pillar of liquor. But that the cafe 
fhould be the fame in irregular veffels, is not fo eafy 
to conceive ; for inftance, that in a veffe] which 
from a large bottom grows narrower as it rifes, fo 
as perhaps at length to be contracted into a tube, 
the bottom fhall bear the fame. preffure when the 
veftel is filled, as it would, were the veflel equally 
wide throughout from bottom to top, feems ftrange 


and furprizing, and yet it is what neceffarily fol-_ 


lows from the nature of fluidity ; for that part of the 


‘bottom which lies directly beneath the tube, fuftains 


the weight of a pillar of liquor which reaches to 
the top of the tube, the veflel being fuppofed to 
be full, and being preffed with the weight of that — 
pillar, re-acts with an equal preffure on that portion 
of the liquor which touches it; and that preffure, — 
inafmuch as it exerts it felf equally in the liquor 


"every way, is propagated literally through the fe- 


veral portions of liquor which are contiguous to the 
bottom of the veffel,; and forafmuch as this lateral 
preffure does in like manner exert it felf. equally e- 
very way, the bottom of the vefiel muft be equal- 
ly prefled in every point; confequently, fince that 
portion of it which lies beneath the tube, bears a 
preffure equal to the weight of a pillar of liquor, 
whofe height reaches to the top of the veffel, every 
other equal portion muit bear a preffure equal to the 
fame weight; and of courfe, the whole bottom muft 
be preffed as forcibly, as if the veffel continued of 
the fame widenefs to the top, and was filled with 
the liquor. — : She rig aE 
To confirm this by an experiment. Let there 


‘be two glaffes open at both ends, and of fuch fhapes — 


as are exhibited in the two figures, whofe lower parts 
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MN are‘cylindrical and equal, and of a capacity Lecr. 
juft fufficient to admit the brafs plate made ufe ofin XII. 
the laft experiment; which muft be fitted to each War 
of them fucceffively, in order to conftitute two vet 
fels of equal bottoms, but of different capacities 5 
and being fo fitted, let it be immerfed in water, 
as in the laft experiment, to fuch a depth, as that 
it will be neceflary to load it with water in order 
to make it fink; thatis, let the depth be more than 
nine times the thicknefs of the plate, which depth 
muft be the fame in both cafes; let then water be 
poured on the plate, and let it be*obferved what 
height of water is requifite to force down the plate 
when the wider veffel is made ufe of, and it will be 
found, that the fame height will fuffice in the nar- 
rower veffel; confequently, the {mall pillar of wa- 
ter in the narrower veffel, muft prefs the plate with 
a force equal to the weight of a pillar of water of 
the fame height, and of a bafe equal to the area of 
the plate; for fuch a pillar does actually prefs the 
plate in the larger veflel, as is evident from the 
bare infpeétion of the figure, and the preflures made 
on the plate in both veffels are equal, inafmuch as 
they overcome equal refiftances. i 

From what has been faid it appears, that where 
the bafe of a veffel is given, the preflures upon it 
- areas the perpendicular heights of the liquid, what- 
ever be the fhape of the vefiel. And univerfally the 
preffure on any bate is meafured by the product of 
the area of that bafe into the perpendicular height 
of the liquor above it, without any regard to the 
quantity of liquor contained in the vefiel; fo that if 
we fuppofe a hogfhead fet on one end, and filled 
with a liquor, anda {mall pipe to iffue perpendicu- 
larly upward from the other end to any height 
whatever, and to be filled with the fame liquor, 
the bottom will be as {trongly prefied, and be in 
as much danger of burfting out, as if the hogfhead 
aK} O 3 was 
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was continued to the fame height with the Pipe, and 
filled with the liquor. _ a roPhy , 

As the bottom of a vefiel bears a preffure pro- 
portional to the height of the liquor, fo likewife do 
thofe parts of the fides which are contiguous to the 
bottom; becaufe the preffure of fluids is equal every 
way. Andasthe preflure which the lower parts of 
a fluid fuftain from the weight of thofe above them 


__ exerts it felf equally every way, and is likewife pro- 


portional to the height of the incumbent fluid, the 
fides of a veffel muft every where fuftain a preffure 
proportional to their diftance from the upper fur- 
face of the liquor. Whence it follows, that in a 
veffel full of liquor, the fides bear the greatett ftrefs 
in thofe parts next the bottom; and that the ftrefs 
upon the fides decreafes with the increafe of the dif- 


_ tance from the bottom, and in the fame proportion ; 


fo that in veffels of a confiderable height, the lower 
parts ought to be much ftronger than the upper, 
that they may be able to withftand the greater 
preffure. iY | 


LE C.TWUR: BX 
Or Hyprost ATIC KS. 
N this lecture I*fhall explain to you, that part 
of uypRostTaTicks which is of ufe in difco: 


vering the den/fities and /pecifick gravities of bodies. i 
The pznsity of any body is meafured by the 


_ proportion which it’s quantity of matter bears to it’s 


bulk. For the more numerous the particles of 
matter are in proportion to the fpace which they 
pofieis, the greater is the denfity of the body ; and 
the fewer the particles, the lefs the denfity ; where- 
fore, putting D to denote the denfity of a body, 

) Sp A Ten 
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Q it’s quantity of matter, and M it’s magnitude, Leer. 
Q XIII. 
=v: and forafmuch as the quantity of matter Wjnmed 


in any body is ever proportional to, and meafured 
by, the weight, as I fhewed in my lecture upon gra- 
vity ; if inftead of the quantity of matter the weight 
‘of the body be fubftituted, and if that weight be 


denoted by W, then D=y3 that is, the denfity 


is as the weight of the body direétly, and the mag- 
nitude inverily. | 

By the fpecifick gravity of a body is meant the 
gravity peculiar to that fpecies of matter, whereof 
the body isa part 5, and it is meafured by the pro- 
portion of the abfolute weight to the bulk; which 
proportion in one and the fame kind of matter, re- 
mains unvaried ; and in different kinds, as this pro- 
portion is greater or lefs, fo is the fpecifick gravity 
which is meafured by it. Let S denote the fpeci- 
fick gravity of a body, it’s weight and magnitude 
being denoted by W and M as before; then, from 


what has been faid, S= 3 and by confequence 


oth Ted tS ; Wiis! ‘ 2 
fince D is likewile =yq, S=D; that is, the fpeci- 


fick gravity of a body is as it’sdenfity. | And there- 
fore, by finding out the proportion which the fpe- 
cifick gravities of bodies bear one to another, the 
proportion of their denfities is likewife difcovered 5 
for which reafon I fhall take no farther notice of the 
denfities of bodies, but confine ‘my felf to the con- 
fderation of their fpecifick gravities alone. 

“When a folid body is immerfed in a liquid, it 
prefies downward, and endeavours to defcend by 
the force of it’s gravity ; but forafmuch as it cannot 


° 


defeend without moving as mucli of the liquid out 
of it’s place, as is equal to it in bulk, it is nee 
’ ) EW G2 that 
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Lecr. that it is refifted, and, as I may fay, prefled upward — 
XIII. by a force equal to the weight of fuch a portion of — 
‘they the liquid as is equal to it in bulk ; confequently, if 
the {pecifick gravity of the folid be greater than 
that of the liquid, that is, if the folid weighs more 
than an equal bulk of the liquid, the body. will de- 
{cend with a force equal to the excels of it’s gravity 
above the gravity of the liquid: on the other hand, 
if the gravity of the liquid exceeds. that of the fo. 
lid, the body being as it were preffed upward by a 
force greater than that whereby it endeavouts to 20 
down, will afcend with the difference of thofe forces, 
that 1s, with a force equal to the excefs of the {peci- . 
fick gravity of the liquid above that of. the folid. . 
When the fpecifick gravities are equal, the body 
will neither rife nor fall, but remain fufpended at 
any depth ; being preffed as ftrongly upward by the 
refitting force of the liquid, as it is downward by 
it’s own weight. Hence it follows, that if by any 
contrivance the fpecifick gravity of a folid can be 
varied, fo as to be one while greater, another lefs, 
and ‘then equal to the fpecifick gravity of a liquid | 
wherein it is immerfed, the body will fink, or rife, 
or remain fufpended according to the variation of it’s 
{peciick gravity. And this is the cafe.in that lu- - 
dicrous experiment of the little glafs Tmages-in wa- 
ter, which are made to defcend, or rife, or remain 
fufpended at pleafure ; the reafon of which. I hall 
explain to. you,.after you have feen the ‘experi: 
MEMvoolib stihl abs laitiab tiodt Qo ae teeoe eee: 
Exp.1. The images.being fet to float on the water,’ the 
top of the veffel_muft be covered with a bladder 
clofely bound. about the neck of the veflel, - to the 
end that the air,, which lics upon the furface, of the 
water, may not force. it’s, way. out when it is con- 
denied by the hand preffing on the bladder... The 
_ images themfelyes, though lighter, are yet.nearly of | 
the fame fpecifick gravity. with the water, and be- _ 
ing hollow, are full of air, which by means of me 
oles 
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holes in their heels communicates with the air with- Le c rT. 
out. When the air which lies beneath the bladder XII. 
is preffed by the hand, it preffes on the furface of -—-y—~ 
the water; and forafmuch as the preflure is propa- 

gated through all the water,thofe portions which are 
contiguous to the-heels of the images, are thereby 
forced into the holes, by which means the air with- 

‘in is condenfed, and at the fame time, the weight of 

the images is increafed by the additional weight of 

the influent water. And when fo much water is 
forced in, as to render the fpecifick gravity of the. 
mages greater than that of the water, the images’ 
defcend and fall to the bottom ; where they remain 

as long as the preflure above continues, but when 

that is taken off by the removal of the hand, the 
-condenfed air in the images dilates and expands it 

felf, and in fo doing drives out the water ; upon 
which account the images become fpecifically light- 

er than the water, and of courfe afcend. As the 
preffure on the bladder is greater or lefs, fo muft the 
‘quantity of water which 1s forced into the images ; 

and therefore, whenever it happens that during the , 
afcent or defcent of an image, fuch a preffure is 
“made as fuffices to force in juft as much water as is 
-tequifite to reduce the image to the fame fpecifick 
‘Gravity with the water, the image ftops and remains 
fufpended, upon increafing the preffure it defcends, 
and afcends if the fame be leffened. Someof the © 
images begin to defcend fooner, as alfo to rife later, 

than others, for one or both of thefe reafons ; firft, 
becaufe fome ‘are fpecifically heavier than others ; 

and, fecondly, becaufe the cavities in the legs are 
greater in-fome images in proportion to their mag- 
“nitudes, than they are in others ; upon both which 
‘accounts, a lefs preffure is requifite to make fome 
‘defcend, and to keep them down, than what is ne- 
ceffary to produce the fame effects in others. For, 

firft, let us fuppofe the fpecifick gravities of two 

meas of: .ns7ig ie images 


} 


eof .§ OX HYDROSTATICE8D | 
I.z cr. images to be different, but the cavities in their legs, 
XIII. when taken of a given height, to be proportional 
wryew to their refpective magnitudes ; fince the air is equal 
ly denfe in both images, it is manifeft, that it gives 
the fame oppofition in both to the influent water ; 
confequently,the water when forced in by the preffure 

- from above, mutt rife to equal heights in the cavi- 
ties of both; fince therefore the cavities whofe 
heights are equal, are fuppofed to be proportional to 
the magnitudes of the images, it is manifeft, that 
the quantities of water contained in ‘thofe cavities, 
mutt be fo too; confequently, each image receives 
an addition of weight from the influent water pro- 
portional to it’s magnitude ; or in-other words, the 
fpecifick gravities. of the two images are equally 
augmented; forafmuch therefore: as one of ‘the 
images is fuppofed to be fpecifically heavier than. the 
other, it is evident, that when ‘the {pecifick gravity 
of the former has received fuch an‘addition; from 
the influent’ water, as makes it a little exceed‘ the 
fpecifick gravity of the water, the fpecifick: gravity 
of the latter: muft fall fhort thereof, confequently, 
the: former muft. fink and leave the other a: 
hover iaw A uot ee F OHH OF 290/NU i ae SoROe 
Secondly, Let «us fuppofe ' theufpecifick’ gravi- 
ties of the: two’ images tobe equal; but’ let one 
image be lefs in proportion to the cavity in it’slegs, 
than othe other isin proportion to/it’s cavity, the 
height of the'cavities being given ;: fince the water 
does from the fame preffure rife to an equal height 
in'both, itis plain, from what I: juft now’ faid, 
that the former mutt receive a ‘greater quantity ‘of 
water in proportion to it’s magnitude, and confe- 
quently, a greater addition to it’s fpecifick gravity 
than the latter, and. of courfe muft defcend 
fooner. v3, CRA OF Dae OMe 

.. From what has been faid it ‘follows, that if the 
proportion which the cavity: in the legs bears to 
the magnitude of the image be given, the gat 

| the 
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the fpecifick gravity of the image is, the moreapt Le cr. 
it willbe to defcend ; confequently, in this cafe the XIII. 
aptitude or promptnefs of an image to defcend is -—~— 
proportional to, and may be exprefied by, the {pe- : 
cifick gravity. In like manner, if the fpecifick 
gravity be given,the greater the proportion is which 
the cavity in the leg bears to the magnitude of the 
image, the more apt the image is to defcend; and 
therefore in this cafe, the aptitude is proportional 
to, and may be exprefied by, the cavity applied to 
the magnitude of the image. But if neither the - 
{pecifick gravity of the image, nor the proportion 
of the cavity to the magnitude of the image, be gi 
ven, the aptitude of an image to defcend, is as the 
fpecifick gravity into the cavity applied to the mag 
nitudeof the image; that is, putting A to denote 
the aptitude, S the fpecifick gravity of the image, 

C the cavity in'the leg, (the height whereof is al- 
ways fuppofed to be given) and M the magnitude 


of the image ; A=-; or, fubftituting the abfo- 
lute weight of the image applied to it’s magnitude, 
in’ the room of the fpecifick gravity, A= Vr 3 


that is, the aptitude an image has to defcend, is.as 
the weight of the image into the cavity of the leg 
direétly, and the {quare of the image’s magnitude 
inverfly. ! yer achve 
. A folid fpecifically heavier than aliquid, being 
immerfed therein, lofes as much of it’s weight as is 
the weight of a portion of the liquid equal to. it in 
bulk; for it has been already fhewn, that a folidis 
carried down in a liquid by the excefs only of it’s 
gravity, above the gravity of a portion of the liquid 
equal to it in bulk ; confequently, the other part of 
it’s gravity is loft, as to any effect it has on the body 
it felf ; as will appear from the following experi 
ment, . 3 Bes 
. | AC Let 
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Let. a {mall cylinder of brafs fufpended at one 
end of a balance and counterpoifed, be immerfed 


wy~ in water-; upon the immerfion it will become light- 


Exp. 2. 


ery fuppofe by 200 grains, which is the weight of 
as much water as is equal in bulk to: the cylinder 
for a cylindrical veffel, juft large enough to gontain 
the cylinder, being hung at one end of.a Ai: 
and poifed, and then filled with water, preponde- 
rates with the weight of 200 grains. : 

Since a folid when immerfed ina liquid, lofes 
as much of it’s weight, as is equal to the weight of a 


z 
i 


portion of the liquid of the fame dimenfions with 
the folid, it follows, that all bodies whatever, whofe 


magnitudes are equal, however different their fpe- 
cifick gravities may be, do fuffer an equal lofs of 


~ oweight.in the fame liquid. Thus a. cylinder .of 


Exp..3. 


Exp. 4. 


block-tin, equal in dimenfions to the brafs cylinder, 
but fpecifically lighter, being immerfed in waters 
lofes 200 grains, as did that of brafs. 

Though a folid lofes part of it’s weight when i im- 
merfed in a liquid, yet it muft notbe imagined that 
the weight fo loft by the folid, is actually deftroyed, 
but that it is imparted to the liquid, the liquid con- 
{tantly gaining in weight what the. folid. lofes; 
For if the veffel with the water wherein the cylin- 
ders were immerfed, be put into a'fcale and poifed 3 
upon the immerfion of either cylinder, it will pre- 
ponderate with the weight of 200 grains, which is 
what the cylinder lofes. 

Solids equal in weight, but of differentifj ecifick 
gravities, being: immerfed in the fame liquid; fuffer 
loffes of weight reciprocally proportional *to'their 
fpecifick gravities ; for as the lofs of weight which 


any body fuffers in a liquid, 1s equal to the weight 
of as much of the ‘liquid as is equal in bulk to the 


folid, the lofs fuftained is ever proportional to the 
magnitude of the body ; whatever proportion there- 


‘fore the magnitudes of bodies have to one another, 
the fame will the loffes of weight have which they _ 


fuffer ; 
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fiffer ; but the magnitudes of bodies equal in weight, Lz cr. 
but of different fpecifick gravities, are to one ano- XIII. 
ther in the reciprocal proportion of their fpecifick +~— 
gravities; confequently, foare the loffes of weight 
which they fuffer. Which is confirmed by the fol- 
Jowing experiment. wie 

Legstwo cones, one of lead, the other of tin, Exp. s. 
whofe fpecifick gravities are to one another, as 112 | 
fe 74, and the weight of each 400 grains, be im- 

erfed in water, after the manner of the cylinders ; 
upon the immerfion, the lead will lofe 35} grains, 
and the tin 54; but 35} is to 54, as 74 to 112, 
that is, reciprocally as the fpecifick gravities of’ 
the metals. : 

. From the loffes of weight being reciprocally pro- Exp. 6. 
portional to the fpecifick gravities, it follows, that 

if two bodies of different fpecifick gravities, which 
‘balance each other in air, be immerfed in water or 

any other liquor, the equilibrium will be deftroyed, 

and that which has the greateft {pecifick gravity will 
defcend ; as will appear, by hanging the cones, one 
at each end of a balance, and then immerfing them 
in water, for the lead will preponderate. — 
_. The fpecifick gravity of a folid fpecifically hea- 

“vier than a liquid, is tothe fpecifick gravity of the 
liquid, as the abfolute weight of the folid, to the 
-Jofs of weight which it fuffers in the liquid; for the 
fpecifick gravities of bodies being as the abfolute 
weights applied to the magnitudes, where the 
magnitudes are equal, the fpecifick gravities are di- 
rectly as the abfolute weights ; if therefore we com- 

pare the folid with a quantity of the liquid equal to 

it in magnitude, their fpecifick gravities mult be as . 
their weights ; but the abfolute weight of fuch a 
quantity of the liquid, is equal to the lofs of weight 
fuftained by the folid ; confequently, the {pecifick 
gravity of the folid, is to that of the liquid, as the 

whole weight of the folid, to the lofs which it fuf- 

tains in the liquid. 
{eb _ Hence 
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Lect. Hence we havea method of difcovering the fpeci= 
XII. fick gravities of fuch folid bodiesas are heavier than 
Sy! water ; I mean, of difcovering the proportions of 

their fpecifick gravities to the fpecifick gravity of 
water. For if we fuppofe the fpecifick gravity of 
water to be unity, and put L, to denote the lofs of 
weight which any body, whofe {pecifick gravity we 
look for, fuftains in water, and W it’s whole weight, 


hs Ww : 
then L: W:: 1:7 confequently, TU expref-" 


fes the fpecifick gravity of the folid, that of water 

being unity ; and therefore, in order to know the 

fpecifick gravity of any folid heavier than water, 
nothing more is requifite, but to difcover the quan-. 

_ tities denoted by W and L, and to divide the firft 

by the laft ; the firft is had, by taking the weight 

af the body in air, and the laft, by taking the weight 

in water, and fubducting it from the weight in air; 

for the remainder is the lofs of weight, which di- 

_ viding the weight in air, gives a quotient expreffing 

Exp.7. the {pecifick gravity of the body. To apply this 
to a particular cafe, Jet it be propofed to difcover 
the {pecifick gravity of a piece of tin, which being 

weighed in air, is found to be 300 grains, and in 

water, 259+, which being fubduéed from the for- 

mer, leaves 40% for the lofs of weight ; fo that in 
this cafe, W denotes 300, and L404; and there- 

fore dividing 300 by 404, we fhall have 7 +2. for 

the fpecifick gravity of tin, that of water being 

unity. Whence itappears, that tin, bulk for bulk, 
is more weighty than water, in the proportion of 

Ja BO tens | 

If the body, whofe fpecifick gravity is required, 
be lighter than water; then, forafmuch as it’s gra- 

vity is not fufficient to caufe a total immerfion, the 
lofs of weight which it fuffers in water, cannot be: 
found out by weighing it alone in that liquid ; lec — 
it therefore be joined to fome other body fo eis ee | 
that — 


\ 
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that the compound may fink; but firft let the lofs Lec. 
of weight which the heavier body alone fuftains in XIII. 
water be found out, asbefore ; and then let the lofs —~~—4 
of weight which the compound fuftains be likewife 
difcovered, whence deducting the lofs of weight 
fuftained by the heavier, the remainder will exhibit | 
the lofs fuftained by the lighter; confequently, di- 
viding the weight of the lighter by that remainder, 

ne quotient will exprefs the{pecifick gravity requi- 
ed; that is, putting W for the weight of the bo- 
dy whofe fpecifick gravity is fought, L for the 
lofs of weight fuftained by the compound, and 


1 for the lofs fuftained by the heavier body — 


exprefies the fpecifick gravity of the body. To | 
apply this to a particular cafe ; let the weight of a 
piece of wood {pecifically lighter than water be Exp. 8. 
220 grains, and let it he joined to a piece of tin of | — 
160 grains, whofe lofs in water is found to be 17 
grains; then the compound being weighed in wa- 
ter, will be found to Jofe 334 grains; fo that in 
this cafe, W is equal to 220 grains, L to 334, 
‘and I'to 17; and L lefs 1, 1s equal to 317 
‘grains. And therefore, dividing 220 by 317, 
we fhall have ,°2+ for the fpecifick gravity of the 
wood, that of water being unity. So that that 
kind of wood is, bulk for bulk, lighter than water, 
in the proportion of 694 to 1000. | 
_ If the body whofe fpecifick gravity is fought be 
 diffolvable in water, then inftead of water, let fome 
other liquor be made ufe of, which will not diffolve 
“the body ; and let the proportion of: the {pecifick 
gravity of the body to the {pecifick gravity of that 
liquor, be difcovered by the foregoing method ; as 
alfo the proportion of the fpecifick gravity of that 
liquor to the fpecifick gravity of water, by the me- 
thod which fhall be fhewn prefently. Then in what- 
ever proportion the fpecifick gravity of the liquor o 
vr ceeds 
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Ls crt. ceeds or falls thort of the {pecifick gravity of watted 

XIII. in the fame proportion let the fpecifick gravity 0 

‘~~ the body with regard to that of the liquor be in- 
creafed or diminithed, and it will give the fpecifick 

gravity of the body with refpect to that of water ; 

‘thatis, if we put A for unity or the fpecifick gra- 

vity of water, B for the fpecifick gravity of the 

other liquor, and C for the fpecifick gravity of the 

body with regard to that liquor; then by fying, ag 

Ais to B, fo C toa fourth proportional, we fhall’ 

have efor the ipecifick gravity of the body with 

refpect to that of water ; or rejecting the divifor as 

being equal to unity, and putting S for the fpecifick 

gravity of the body with refpect to water, we fhall 

Exp.g. have S=BC. To apply this, let the {pecifick gra- 
: vity of Roman-vitriol be required ; let the weight of 

a piece in air be 67 grains, and in fpirit of wine 
41 grains 5 confequently, it’s lofs of weight in the 

{pirit is 26 grains, which dividing 64, gives 

2.576 for the fpecifick gravity of the vitriol with 

regard to the fpecifick gravity of the fpirit, which, 

in this cafe, is {uppofed to be unity ; but the fpeci- 

fick gravity of the fpirit, with regard to that of wa- 

ter, is lefs than unity, being only ,22, as fhall be 

hewn. prefently ; wherefore B is= 0.87, and C 

is =2.576 5 confequently, 2.24 which 1s the pro- 
duct arifing from the multiplication of thofe two 
numbers, exprefles the {pecifick gravity of Roman- 
vitriol with refpeét to that of water, which is as 
unity ; and therefore, in whole numbers, the fpeci- 
fick gravity of Roman-vitriol exceeds that of water, 

in the proportion of 224 to 100, ca! 

» The fpecifick gravities of liquors are difcovered 
by taking the lofies of weight fuftained by one and 
the fame folid in the feveral liquors ; for fince the 
lofs of weight in each liquor, is equal to the weight 

| HE PE 
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of as much of the liquor as is equal in bulk to. the Lect. 
_ body ; by taking the loffcs of weight fuftained by XU. 
the fame body in the feveral liquors, we get the ab- hyo 
folute weights of fuch portions of thofe liquors as 
are equal in bulk; and by confequence, the {peci- 
fick gravities of the liquors, the fpecifick gravities 
_ of bodies equal in bulk, being to one another as 
their abfolute weights; wherefore, putting L 
for the lofs of weight which a body fuftains in wa- 
~ ter, and little | for the lofs of weight fuftained by 
the fame body in any other liquor; then, by 
faying, as Lto |, fo is unity-toa fourth term, 


we fhall have cer the fpecifick gravity of the 


other liquor, that of water being unity ; fo that to 
difcover the fpecifick gravity of any liquor, we 
have nothing more to do, but to weigh one and 
the fame {olid, both in the liquor whofe quantity is 
fought, and in water, and to divide the lofs of 
weight which the folid fuffers in the liquor, by the 
Jofs which it fuftains in water; for the quotient will 
exprefs the fpecifick gravity of the liquor. ‘Thus, Exp. to. 
a glafs bubble whofe weight in air is 1727 grains, 
being weighed in water, is found to lofe 641 grains, 
and 558:in fpirit of wine; and therefore, dividing 
558 by 641, we fhall have a quotient of 0.87 for 
the fpecifick gravity of the fpirit, that of water be- 
ing unity. ; | | 
When a body fpecifically lighter than a liquid, is 
fet to float upon it, the part immerfed is equal in 
bulk to a portion of the liquid whofe weight 1s equal 
to the weight of the whole body ; for fince the bo- 
dy finks in part, by moving fome of the liquor out 
of it’s place, and fince the weight of the body is the 
power which moves the liquor, the body muft con- 
tinue to fink, till it has removed as much of the 
liquor as is oqual to itin weight; confequently, the 
8 ee ‘it oes pP har: Pek pat 
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Le cr. part immerfed muft be equal in magnitude to fuch’ 
\ XII. . a portion of the liquor, as is equal in weight to the - 
-y——_ whole body ; which is abundantly confirmed by the! 
following experiment. | | 4 aR 
Exp. 11, © A ball of pear-tree, a wood {pecifically lighter 
than water, being fet to foat on water contained in: 
a glats veflel, let the veffel be placed in a fcale and: 
counterpoifed ; then, taking out the ball, let the 
vefiel be filled up with water to the fame height at 
which it ftood when the ball was in it, and the fame* 
weight will counterpoife it as before. | 
From the veflel’s being filled up to the fame height. 
at which the water ftood when the ball was in, it 
is manifeft, that the quantity poured in is equal in 
magnitude to that part of the ball which was im- 
merfed; and, from the fame weight counterpoifing,. 
it isevident, that the water poured in, is equal in, 
weight to the whole ball. | borne habs 
The part immerfed is to the whole body, asthe: 
{pecifick gravity of the body to the fpecifick gravi-. 
ty of the liquid for the fpecifick gravities of two; 
bodies, being to one another as their abfolute, 
weights applied to their magnitudes, if their weights 
be equal, their magnitudes are in the reciprocal 
ratio of their fpecifick gravities ; fince therefore,, 
fugh a portion of the liquid as is equal in magnitude 
to the immerfed. part of the folid,. is likewife equal 
in weight to the whole folid ; the magnitude of the 
immerfed part isto the magnitude of the whole bo- 
dy, as the fpecifick gravity of the folid to the {pe- 
cifick gravity of the liquid. ree , 
__ When the fame body is fet to float fucceffively in 
different liquors, the parts immerfed are to one an- 
other in the reciprocal proportion of the. {pecifick, 
gravities of the liquors, For the body defcends in 
each liquor, till the part immerfed takes up.the 
‘toom of as much liquor as is equal in weight. to the 
whole body ; and therefore, iuch portions of the 
ae feveral 
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feveral liquors as are equal in magnitude to the im- Le cr. 
merfed parts of the! body have all equal weights; XIII. 
but the magnitudes of bodies equal in weight, are —~—-~ 
to one another reciprocally, as their fpecifick gra- 
vities 3 confequently, in one and the fame body 
floating in different liquors, the parts immerfed are 
reciprocally as the fpecifick sravities of the liquors. 

On this principle is founded the HYDROMETER $3 
_ which isan hollow glafs ball,’ with a fmall hollow 
fem’ of about 5 or 6 inches in length, oppofite to 
which, on the other fide of the ball, adheres a 
{maller ball filled in part with mercury, or fome 
other weighty body, to. the intent, that when the 
ball is fet to float in water, or any other liquor, the 
-ftem may be kept uppermott, and in a pofition per- 
pendicular to the furface of the liquor ; and at the 
fame time, that the machine may be fo far immer- 
fed, ae the the ftem only, or fome part thereof, 
may remain above the liquor ; the {tem being gra- 
duated from top to bottom, has numters annexed 
to every degree, expreffing the magnitudes of the 
parts: which lie below the feveral degrees. 

The ufe of this little machine 1s to difcover the 
 fpecifick gravities of liquors, which is done in the | 
- following manner. The hydrometer being firt fet to 

float in water, the degree to which it finks muft be 
obferved, and the number thereto annexed; then 
being fet to float in any other liquor, the degree to 
which it Ginks, with the number annexed, muft 
likewife be noted ; for’as this number is to the for- 
mer, “fo is the fpecifick gravity of water, to that of 
the other liquor, as is evident from what was juft 
now faid. To illuftrate this in the cafe of water Exp. r2. 
and fpirit of wine... The hydrometer being dropt “ 
- jnto water, finks to the degree whofe number an- 
nexed is 873 and being dropt into fpirit of wine, 
finks to the degree whofe number is 100 3 whence 
it appears, that the fpécifick gravity of water 1s to 
that of fpirit of wine, as 100 to 87. eae 
*. Hoge 2 Though 
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Though Aydrometers may be ufeful in difcovering 
the {pecifick gravities of liquors for loofe and inac- 
curate computations, yet are they not to be depended 
on in cafes where great exactnefs is required, and 
that fortwo reafons; Firft, becaufe it is extremely 
difficult to graduate the ftems fo exactly, as that the 
numbers annexed fhall truly exprefs the magnitudes 
of the parts below them. Secondly, becaule, part- 
ly from the motion of the Aydrometer in the liquor; 
and partly from the rifing of the liquor about. the 
ftem from the attractive force of the glafs, it is bard- 
ly poffible to. determine with exa@tnefs the degree to 
which the Aydromerer finks. Upon both which ac- 
counts, as alfo becaufe the method of determining 
the fpecifick gravities of liquors by means of the 
glafs bubble is much more eafy and exaét, this me- 


_ thod by the Aydrometer is intirely laid afide. 
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" N this lecture I fhall give you an account of the 
A flux of water from RESERVOIRS through orifices 
and pipes... © Sly phd pss : a 

If water, flowing out at an orifice in the bottom of 
a veflel, be kept conftantly at the fame height in 
the veflel, by being fupplied as faft above, ,as_ it 
runs out below, the velocity wherewith it hows out, 
is as the fquare root of the height of the water above: 
the orifice: . ii Ste ba yeren 

For if we fuppofe the: column of water which 


-ftands direétly above the orifice, to be divided into 


an.indefinite number of plates:of an equal. but ex-— 


~ ceedingly {mall thicknefs, it is mantfeft, that what- 


ever be the:force: of gravity, wherewith the upper- 
moit plate prefies upon the fecond, the fecond pref- 


~ fes upon the third witha double force, and-the third 


: ef upon 
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upon the fourth with a triple force, and fo on; foLecrT. 
that the plate which is next. the orifice is preffed XID 
downward by the joint gravities of the feveral plates —~— 
which lie above it, and likewife by the force of it’s 
‘own gravity, inafmuch as there is no other plate 
beneath it whereon to reft; confequently, from it’s 
own gravity, and that of the fevera! plates above it, 

sit does all at once receive as many equal impreffions 
from gravity, as it would. fucceffively in falling 
down the height of the water; and of courfe, muft 
_pafs through the orifice, with the fame velocity that 
it would acquire in falling down that-height ; but I 
proved in my le¢ture upon gravity, that the veloci- 
‘ty whicha body acquires in falling throughany fpace, 
isas the fquare root of the {pace ; confequently, 
the. velocity: wherewith the water flows out,.1s as the 
{quare root of the height of the water above the 
orifice. ry BNF, giSISW. Sh) 40 
- *To confirm this by aniexperiment;: let there be Exp...1... 
two veffes in all things alike, excepting that one is. 
four timesas tall as the other, the height of one be- 
ing 20 inches, and of the other 5 ; let each of them 
have a circular orifice in the bottom a fifth part of 
an inch in diameter ; and-being both filled with wa- 
‘ter, let them be fet a running, and let the water be 
_ fupplied as faft above as it runs out below ; the tal- 
ler veffel will difcharge about twenty one ounces in 
the fpace of a quarter of a minute, and in the fame 
time the fhorter will difcharge about rz ounces. 
Now, forafmuch as the orifices through which the | 
water flows are equal, andlikewife the times of the 
flux, the quantities difcharged areas the velocities, 
confequently, the velocity wherewith the water 
flows out of the taller veffel, isi to the velocity 
wherewith it flows out of the fhorter, as 21 ‘to rr, 
that is, nearly as 2 to1, which are the fquare roots. 
of the heights of the water above the orifices, - 


P31 AAs... 
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Lect. As the preflure fuftained by the lower parts of - 
XIV. water from the height of thofe above, exerts it ) 
teeny felf with the fame force laterally that it does down- 
ward, it matters not whether the orifice through — 
which the water flows, be at the bottom or. fide of 
a veffel; for the water will flow out of both with 
the fame velocity, provided they are at equal depths — 
below the upper furface of the. water ; and there- 
fore, the velocity of water flowing out of an orifice 
in the fide of a veflel, .is as the: fquare root: of the 
height of the water above the orifice ;'as will ap- 
Exp. 7. pear, by repeating the laft experiment with veffels 
_ whofe orifices are in their fides; for the quantities © 
difcharged will:be the fame as before. - es G 
From what has been faid it follows, that if an ori- ° 
~ fice in the fide of a veffel,’ be fituated as far above 
an horizontal plane, as it is below the upper furface 
of the water, the water will {pout from that orifice, 
to the diftance of twice the -héight of the orifice a- 
bove the plane. For inftance, if AOBG bea vet 
fel full, of water, O an orifice in the> fide; whofe 
height OD above the horizontal plane DH, is equal 
to OA, the diftance of théeorifice from the top of the 
water ;,DH ithe horizontal diftance to which the - 
water {pouts, will be double of OD, the height of - 
‘the orifice above the plane. For the {pouting wa- 
ter has two motions, one uniform from the preffure 
of thé water in the veffel, in the dire@ion OF per- 
pendicular tothe orifice, the other accelerated from 
the force,ef gravity in the direction: OD perpendi- 
~ cuilar.to DIP 3 which -two motions do-by no means 
hinder | one.another;;, but-by their combination caufe 
the water to fpoutin the curve of a parabola. Now, 
the velocity wherewith ithe water moves ‘in the di- 
rection,OF, being equal to the velocity acquired by. 
_avbody in falling:from A to O, or from O to Di; 
in the fame time thatidt falls from Oto D,\ and by 
fo doing, reaches the horizontal plane, it will be 
oA. re carried 
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carried in the direction OF, through a {pace equal Lz crt. 
- .to twice OD, (inafmuch as all bodies whatever that XIV. 
‘moveuniformly, with-a velocity equal to that which Www 
is acquired bya body in falling through any height, 
do in the fame time with that of the fall, defcribe a 
fpace double of that of the fall); confequently, 
the horizontal diftance to which the water fpouts, 
will be equal to twice the height of the orifice above. 
the plane. Thus, from an orifice in the fide of a Exp. 3. 
veffel, the depth whereof below the furface of the 
water is 20.inches, the water will {pout to the dift- 
ance of 38 inches on an horizontalplane, whofe 
diftance below the orifice is likewife 20 inches ; and 
where the depth of the orifice below the top of the 
water is five inches, the water will fpout to the dift- 
ance of 9% incheson an horizontal plane fituated at 
the diftance of 5 inches below the orifice 5, fo that 
in both cafes the diftances to which the water {pouts, 
are neatly. double the diftances of the planes. below 
the orifices; and they would’ be exactly double, 
were it not that the water is retarded a little by the 
_oppofition it meets with from the air. . 

The diftances to which water fpouts on an hori- 
zontal plane, from orifices in the fides of different 
 .yeffels, the orifices being at equal heights above the 

plane, or to one another as the {quare roots of the 
heights of the water above the orifices. 
Bor fince the orifices are at equal heights above 
the plane, the times of the defcent of the water 
from the feveral orifices to the plane muft be equal ; 
cconfequently, the horizontal diftances to which the 
water {pouts, muft be as the velocities wherewith it 
-fpouts; but thofe velocities are as the {quare roots of 
‘the heights of the water above the orifices; confe- 
quently, fo muft the horizontal diftances.. Thus, 
if two veffels be fo placed,. as: that the orifices in Exp. 4. 
their fides will be 20 inches above an horizontal 
plane, the height of the water in one veflel being 
20 inches above the orifice, and in the:other 55 the 
. Ps water 
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‘Lect. water will fpout from the former, to the diftance — 


XIV. 


of 38 inches, and from the latter, to the diftance 


tems of rg inches; but 38 is to 19, as 2 to 13; that is, 


Pl. 6. 
Fig. 13. 


as the fquare roots of the heights of the water above 
the orifices, for the heights are as 4 and one.’ 

_ The diftance to which water fpouts from an ori- 
fice in_ the fide of a veffel, whatever be the height 
of the orifice above the plane, as alfo of the wa- 
ter above the orifice, may be thus determined ; 
let BR reprefent an horizontal plane, F an orifice in 
the fide of a veffel at any height above the plane, 
and AB the height of the upper furface of the wa- 
ter above the plane. On AB as a diameter, de- 
{cribe the femicircle ADB, and at F fet off FE’ per- 
pendicular to AB, and meeting the circle-in E. - 


--. The diftance to which the water fpouts on the plane 


~ $t-muft fpout to the greateft diftance from an_orifice 


BR from the orifice F, is proportional to the line 


For, from the nature of motion, the fpace ‘de- 
{cribed, is as a rectangle under the time andivelo- 


‘city 3 but in this cafe, the time of the motion is as 


the {quare root of FB, and the velocity wherewith 
the water fpouts, is as the fquare root of AF ; confe- _ 
quently, the fpace through which the water runs in 
the horizontal direction, is as the {quare root of the 


‘rectangle AFB; but, by the nature of the.circle, 


the fquare root of the rectangle AFB, is equal to 


FE; confequently, the horizontal diftance to which 
‘the water fpouts on the plane BR from the orifice 
F, is as FE. 1 on at rah, 


- ‘Hence it follows, that the diftance to which the — 
water fpouts, is as the fineof the arch AE, whofe 
verfed fine AF, is equal’to the height of the water 
above the orifice. And, forafmuch as any two 
fines, which are equally diftant from the center are 
equal, it follows, that the water muft fpout to the 
fame diftance from two orifices as F and L, whofe © 
diftances from the center are equal; as alfo, that 


in 
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in the center, the fine CD being in that cafe equal Le cr. 
to radius; and confequently, the greateft. EMA ILEN 
-°To confirm’ what has been faid; ‘let a veffel -<~— 

whofe height is 16 inches, and which 1s perforated EXp. 5+ 
in the middle, and likewife at the diftance of 5% 
inches above and below the middle, be filled with 
water, and fet ypon an horizontal plane; the water 
will fpout from the middle orifice to the diftance of 
above 15 inches, and from each of the other two, 
to the diftance of about 10 inches. | 
_» All things being fuppofed as before, the diftances 
to which the water fpouts, fetting afide what little 
_ difturbance may arife from the refiftance of the air, 
-are,equal to twice the fines of the arches, whofe 
verfed fines are equal’to the heights ’of the’ water 
above the. orifices. For, the diftance to which the 
water fpouts from: the central orifice C, is to the 
diftance/to which ‘it {pouts from ‘any other orifice as 
Fy asthe fine CDis to the fine FE; but forafmuch 
as the orifice C isias far diftant above the plane as it 
is below the furface of the water, the diftance to 
which the water {pouts from that orifice is equal to 
twice CB, or twice CD ; confequently, ‘the diftance 
to which it fpouts from:F muft likewife be equal to 
twice FE, and fo of any other orifice. | | 4.4 ee 
Water which fpouts perpendicularly upward, fets Exp. 6. 
out with fuch a velocity, as is fufficient to carry it 
to the fame height with the water in the veffel from 
which it fpouts. For the-velocity wherewith it {ets 
out, is equal to the velocity acquired in falling down 
the height of the water; and, in’ my lecture upon 
gravity, I fhewed,-that a body thrown direétly up- 
sward rifes to fuch a height, whence if it be let fall, 
it will by the end of the fall acquire the fame velo- 
city wherewith it was thrown up ; confequently, the 
water. {pouts with: a velocity fufficient to carry it 
to an equal height with the water’in the refervoirs 
however, it cannot poffibly arrive at that’ height, 


by 


. 
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Lecr. by reafon of the.refiftance it meets with from’ the 
XIV. air; which, as it. cannot be taken off, mut lefen. 
——-—~ the heights of all Jets whatever, fo as to make them 
.. fall fhort. of the heights in the refervoirs ; befides 
the water in the uppermoft part of the jet, when it 
has loft all it’s motion, refts for fome time on the 
part next below it, and by it’s weight obftruétsand _ 
‘retards the motion of the whole column,and thereby | 
leffens it’s height ; and fo. great.is the refiftance ati- 
fing from this caufe, as that the jet is frequently 
deftroyed by it, the rifing water being by sfits and 
itarts prefled down to. the very orifice from which 
‘it {pouts. | beote chit tac gdhii 
Exp. 7. By giving the jet a little inclination, the upper- 
moft, parts, when they have loft. their motion up=- 
_ ward, are made to fall off from the reft, .whereby— 
the refiftance which arifes from their weight. is 
taken off. And.this is the true reafon why, ceteris 
paribus, fuch .jets..as are a little inclined, « rife 
higher than. thofe. whofe afcents are perpendi- 
cular. ele. apd Bh iS | | 
The velocity wherewith water flows out of a cy- 
Iindrical pipe inferted horizontally into the fide of - 
a veffel, is as the fquare root of the height of the » 
water in the veffel above.the place of the pipe’s in- 
» fertion directly, and the {quare root of the length 
,of the pipe inverfly ; for fince the pipe is cylin- 
drical, the velocity wherewith the water flows out 
at.one end, mutt be equal. to the velocity where- : 

with it flows'.in at the other ;-but the velocity 
wherewith, it flows in, is in the proportion laid 


wh Gk F 


the pipe ; for which reafon, the water in,the-pipe — 
Maybe looked upon, as an obftacle which refilts | 
_and impedes the moving caufe.; Now, where.acaufe 

ro ies acts 


otime it drives forward all the water contained: in 


Yu 
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aéts under the difadvantage of a.clog or impedi- Liz cr. 
ment, the potency of fuch a caufeis increafed, either XIV. 
_ by diminifhing the impediment, or augmenting the way 
abfolute ftrength and vigour of the caufe it felf; 
where the ftrength and vigour of the caufe is given, 
the potency thereof increafes in proportion as, the 
impediment leffens, and leffens as that increafes ; 
and where the impediment is given, the potency of 
the caufe increafes, and leffens in proportion to the 
increafe and diminution of the abfolute ftrength and 
vigour of the caufe; confequently, the potency 1S 
in a ratio compounded of the ftrength or magnitude 
of the caufe, and of the weaknefs or fmallnefs of 
the impediment ; that is, it is as the magnitude of 
- the caufe dire@tly, and as the magnitude of the im- 

_ pediment inverfly.; or as, the magnitude of the caufe 
applied to the magnitude of the impediment. Now, 
Pin the cafe before us, where the preffure of the water 
in the refervoir is the moving caufe, and the water 
in the pipe is the impediment, the magnitude of 
the former is meafured by a reétangle under the 
“height of the water, and ‘the orifice of the pipe, 
and the magnitude of the latter by arectangle under 
_ the orifice of the pipe, and the length thereof; or 
~ yeje€ting the orifice as being ever the fame in both, 
the magnitude of the moving caufe, is as the 
height of the water, and that of the impediment, 
‘as the length of the ‘pipe; and therefore, putting 
_ H forthe height of the water in the refervoir above 
_ the'place of the pipe’s infertion, and L for the length 
of the pipe will denote the preffure of the wa- 
tet in the reférvoir, as leffened by the refiftance of 


the water in the pipe ; and putting O for the ori- 


i 


fice of the pipe, = {will ‘exprefs ‘the: force which 
drives the. water, into the pi pe; and forafmuch as 
the motion generated in any time by a force acting 
sprt® me | — _conftantly 


: “ 3s 
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Lec Tt. conftantly and uniformly, is as a re€tangle under the 
XIV. force and time; putting T for the time that the | 


“~~ 


ite : isle op 
water. continues to flow into the pipe;—- 


L 
will be as the motion generated in the water flowing © 
into the pipe; but the motion generatedin the influent 
water, is as the quantity which flows in, multiplied — 
into the velocity wherewith it flows ; and therefore, 
putting Q and V for the quantity and velocity, — 


OT. : sans 
ee Is as QV; or, becaufe the quantity which 


flows in, is in» a ratio compounded of the orifice, 
time and velocity ; by fubftituting O,.T, V, which 
denote the orifice, time, and velocity, in the place | 


. Q, we fhall have =OTV's and ftriking 


‘out OT from both fides, we thall havers =e 3 


confequently, V isas V5 3 that is, the velocity 


_ wherewith the water flows out of the refervoir into 
the pipe, and confequently, the velocity wherewith 
it flows out of the pipe, is as the fquare root. of 
the height of the water in the refervoir, applied to 
the {quare root of the length of the pipe. | 
“Hence it follows, that if the length of the pipe 
be varied whilft the height of the water in the re- 
fervoir continues the fame, the quantities difcharged 
in any given time, will be to one another inverfly 
-as the {quare roots of the lengths of the pipe ; for 
_fince the diameter of the pipe, and the time of the 
‘flux are given, the quantities difcharged muftbe as - 
‘the velocities wherewith they run out, that is, in 
the inverfe ratio of the {quare roots of the lengths 
‘of the pipe. , | Wik vn 

Yo confirm this by an experiment; let a pipe of 
- 10 feet in length, and half an inch in diameter, be 
vita inferted 
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inferted horizontally into the fide of a veffel; and Lect. 
let the water in the veflel be kept conftantly at the XIV. 
height of three feet above the place of the pipe’s in- =~ 
fertion ; the pipe when fet.a running will difcharge | 
about 1612 ounces in halfa minute; let it then be 

made fhorter by 12 feet, and fet a running again, 

and it will in the fame {pace of time difcharge 321 __ 
ounces, that is near twice as much as before ; fothat 

the quantities difcharged will be to one another 
reciprocally as the {quare roots of the lengths of the 

pipe, which in this cafe are as 4 to 1. | 


Tasrel. Taz ie IL, 


June 
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Lect. ‘une the a1ft, 1722, I made feveral experiments _ 

XIV. concerning the’ motion and difcharge of water 

<+— through pipes, in the following manner. 
"There was a refervoir of 3 feetin height, which 

was kept conftantly full during ‘the flux of the wa-_ 

ter; at the bottom was inferted horizontally a pipe 

of half an inch in diameter, whofe length when 

ereateft was 100 feet, but being compofed of feve- 

ral pieces, was capable of being made of ten diffe- 

rent lengths; which lengths were the fquares of the 

natural numbers. Into this ptpe were inferted ho- 

rizontallly (as occafion was) ten other pipes, each of 

them 6 inches long, and + inch’in diameter; the | 

places of their infertion into the main pipe were dif- 

tant from the refervoir the fquares of the natural _ 

- numbers in feet; the axes of the fmall pipes made 

an angle of 80 degrees, with that of the main pipe 5 

the reafon why they were inferted in fuch an angle 

was, that it had been obferved that the water flow- 

ed out of orifices made in the main pipe nearly in 


that angle. | 

In Tas. I.'L denotes the length of the main 
pipe (the fmall pipes not being inferted), Qu the 
quantity in ¢rey ounces difcharged in half a minute 
‘of time, T the time in feconds which the water 
took to flow from the refervoir to the extremity of 
the pipe, the fame having been firft exhaufted. — 


In Tas. II. Ddenotes the diftance from the re- 
fervoir, at which the fmall pipe was inferted into 
the main pipe; Q the quantity in tray ounces dif- 
charged by the fmall pipe in half a minute of time, 
the main pipe being flopped. | 
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*1n Tas. II. the numbers at the top denote the 
ten fmall pipes, P the main pipe, and the numbers 
below denote the quantities in ¢rey ounces difcharged 
in half a minute of time, by the pipes denoted by 
the numbers dire€tly above them, ‘The blanks de- 
hote, that the pipes denoted by the numbers directly 
above them at the top, were {topped at the time 
that the others difcharged, 
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LECTURE UV. 


i 
Or PNEUMATICKS. | 
y N this lecture I fhal!l give an account of the 
§. weight and preffure of the air, and of fome re- 
markable effects arifing from it. 
Though the weight of the air which furrounds us, 
is not perceived by reafon of the equal preffure 
which it makes on all parts of our bodies; yet that 
it is really heavy appears from hence, that veffels’ 
when exhaufted are lefs ponderous than when filled 
with air. Thus a glafs bottle, whofe contents are” 
nearly 40 cubic inches, being exhaufted by means. 
of the air pump, will be found to fuffer a fenfible, 
lofs of weight; when I formerly made. the experi- 
ment, the lofs of weight amounted to ten grains, and’ 
the magnitude of the exhaufted air I found to be’ 
34. cubic inches; for upon immerfing the bottle 
in water, and opening the valve which covered the 
mouth, the quantity of water which flowed in and 
pofleffed the place of the exhaufted air, amounted 
to 8628 grains, which being divided by 2534, the 
number of grains ina cubic inch of water, give 
34. in the quotient; fo that from this experiment it 
1S manifeft, that 34 cubic inches of that air, which 
more inimediately furrounds us, are equal in weight 
to ten grains ; and that the {pecifick.gravity of the 


. fame air, isto the {pecifick gravity of water, as ten 


-as the abfolute weights of the bodies. 


to $628, of, as one to 8624; the-fpecifick gravi- 
ties of bodies equal in bulk, being to one another 


> 


Z 


As the air rifes above the furface of the earth, it 
grows rarer, and confequently lighter; a giyer 
bulk of air being lighter at the diftance of vail, 
than at the earth’s furface, and Jighter again at the 

Tn da : — diftance: 


eas. te 
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diftance of two miles, and fo oncontinually. AndLecr. 
yet notwithftanding this diminution of gravity in XV. 
the fuperior parts of air, fo gteat is the height of the AY 
atmofphere, as to render the weight of the whole . 
very confiderable ; as will appear from the following 
experiment. | 
Let a piece of common glafs be placed as a cover Exp, 2. 
on the top of a receiver; and upon exhaufting the 
air, the glafs will at firft be preffed clofe to the re- 
ceiver, and at length broken by the weight of the 
air, which refts upon it. 
While the air continues undiminifhed in the re- 
ceiver, it does by virtue of it’s elafticity prefs as 
ftrongly againft the lower furface of the glafs, as 
does the incumbent air by means of it’s weight upon 
the upper furface ; as fhall be fhewn hereafter ; 
-confequently, as Jong as the air remains undimi- 
nifhed in the receiver, the weight of the incumbent 
air can have no fenfible effect on the glafs; but up- 
on leffening the quantity, and therewith the {pring 
of the included air, the glafs being no longer fup- 
ported from below, is prefied down, and broken 
by the weight of the air above ; and for the fame 
-reafon, a fquare glafs phial when exhaufted cracks 
and flies to pieces. __ . | | 
_ From the weight and preffure of the air on the 
furface of liquors it is, that they are made to rife 
in exhaufted tubes open at one end, as will appear 
from the following experiments. 
_ Leta glafs veffel with mercury be placed undera Exp, 3. 
receiver, and let a tube open at one-end be fufpend- 
ed above the veffel in fuch a manner, as that the 
-openend may at pleafure be let down into the mer- 
cury ;.if then, the air being drawn out of the re- 
ceiver, the tube be let down, the mercury will not 
rife therein as long as the receiver continues empty ; 
but upon re-admitting the air, it will immediately 
afcend. The reafon of which is, that upor ex- 
aes “ haufting ml 
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ce EC 7. haufting the receiver, the tube is likewife emptied 


xy, 


of air ; and therefore, when it is immerfed in the 


t———— mercury, and the air re-admitted into the receiver, 


all parts of the mercury are prefled upon by the 
air, except that portion which lies beneath the ori- 


fice of the tube ; confequently, it muft fife in the 


PIo0. 
Fig. 14. 
Exp. 4. 


Lr. G, 


Fig. 15. 


tube, and continue fo to do, until the weight of 
the elevated mercury preffes.as forcibly on that por- 


tion which lies beneath the tube, as the weight of 


the air does on every other equal portion without 
the tube. But to proceed to a fecond experiment 
of the fame kind. | 
Let two glafs tubes as A and B, each above 30 
inches long, of which A is open at one end only, 
but B at both, be fo contrived, as by means of 
{crews, to be let into the little glafs veflel CD, in 
the manner reprefented in the figure. A being fill- 
ed with mercury, and then {crewed into the veffel, 
let mercury be poured into B, till both that»and 
the vefiel are full; let then the veflel be inverted ; 
and let the extremity of B be immerfed in a veffel of 
mercury, the mercury will defcend through B, and 
continue to do fo, till A is emptied, as alfo fo much 
of the veffel CD as is above the level of the upper 


‘orifice of B. . This being done, let A be fo far un- 


f{crewed, as to permit the air to pafs between the 
threads of the {crew into the empty part of the vef- 
fel ;-upon the admiffion of the air, the mercury 
will rife in the tube A. For, from the circtim- 
ftances of the experiment it is evident, that the part 
of A which ftands above the level of the mercury 
remaining in the veffel, is perfectly void of air ; 
confequently, while the mercury all around the 
tube is preffed by the newly admitted air, that por- 
tion which lies beneath the tube, fuffers no preffure 
from, above; and of courfe muft fe and continue 
to rife, until the weight of the elevated, mercury 
becomes a balance to the préflure’ of the afr without. 
eh A crac “2 . » BY 
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By the weight and preffure of the air, water is Lz ct, 
raifed in common pumps, and fire engines, as will XV. 
appear by confidering their ftructures, and the man- —~—-d- 
ner in which they work. AB reprefents the body P] | 
of apump, which is commonly an hollow cylinder Fig. , 
of wood or lead, C a plug fixed near the bottom of 
the pump, with an hole in the middle, covered by 
a leathern valve, fo contrived as to open and give 
way to the water in paffing upward, but to fhut 
.clofe and obftrudt the paffaze downward ; D a fe- 
cond plug of the fame kind, and perforated in like 
manner with the former. This plug is commonly 
_ called the fucker or pifton, and being moveable, is 
_ drawn up and thruft down at pleafure, by means of 
the iron rod E to which it is faftned. The fides 
of the fucker are every where cafed with leather, 
whereby it is made to fit the cavity of the pump 
fo exactly, that neither air nor water can pa{s be- 
tween. At fome diftance above the fucker is an 
orifice as O in the fide of the pump, through which 
the water is difcharged at the time of working, in 
the following manner. The fucker being drawn 
up, the {pace between that and the lower plug is 
left void of air; then forafmuch as the water, which 
_ flands about the pump, is every where preffed by 
the air, except in that part which anfwers to the 
hole of the plug, it muft there give way, and pafs 
_up into the cavity of the pump; and upon depref- 
fing the fucker again, as it cannot return downward 
by reafon of the valve, which fhuts clofe upon the 
hole, and ftops the paffage, it rifes up through the 
fucker, and lodges itfelf thereon; fo that upon the 
next elevation of the fucker, it is carried towards 
the top of the pump, and thrown out at the ori- 
fice O, saat | 
_ | If inftead of an orifice above the fucker, we fup- 
pofe one juft above the lower ape with a valye 
_ Opening outwardly, fo as to fuffer the water to flow 
out, but net to return. And if we fuppofe the 
ee : 2 7 fucker 
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Lec T. fucker to be folid without a perforation, the figure — 
—-XV.~ will reprefent a forcing pump, or fire engine, in 
tummy which the water rifes above the lower plug in the » 
fame manner, and from the fame caufe, that it does 
in a common pump; and by the preffure made up- — 
on it by the fucker when thruft down, it is forced 
out at the orifice, and that fo ftrongly, as by the 
help of leathern pipes, to be conveyed to the tops | 
of the higheft houfes. © ; 
- The air in any particular place does not always — 
continue of the fame weigit, but is fometimes hea- 
“vier, and fometimes lighter; which plainly argues 
a variation in the quantity, inafmuch as the gravity © 
of any body is proportional to the quantity of mat- - 
ter which it contains. From what caufe this variation — 
 arifes, is not eafy to determine. Doctor Hatitey 
is of opinion, that the diminution of the quantity of 
air in any place, is the effect of two contrary winds. 
blowing from that place, ‘whereby the air is carried 
both ways from it; and of confequence, the incum-_ 
bent cylinder of air is diminifhed ; as for inftance, 
if in the German ocean it fhould blow a gale of 
-qwefterly wind, and at the fame time an eaflerly wind 
in the rif) Sea ; or if in France it fhould blow a 
foutherly wind, and in Scotland a northern ; that part. 
of the atmofphere which is impendent over England 
would, he thinks, be thereby carried off and dimi- 
nifhed. - He likewife conceives, that the increafe of 
the quantity of air in any place, is occafionéd by the 
blowing of two contrary winds towards that place, 
“whereby the air of other places is brought thither 
‘and accumulated. And upon this foot, he endea- 
yours toaccount for what is commonly obferved in 
~ this part of the world; namely, that the atmofphere, 
ceteris paribus, is always heavieft upon an eaferly 
~ or north-eafterly wind. ‘This happens, fays he, be- 
- caufe, thatin the great 4tlantick ocean, on this fide 
* the thirty fifth degree of north latitude, the wefferhy 
~and fouth-wefterly winds blow almoft alway 
tres we that 
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that whenever the wind comes up here at eof orLectT. 

north-eaft, it is fure to be checked by a contrary gale, XV. 

as foon as it reaches the ocean ; for which reafon, <== 

the air over us muft needs be heaped up in greater 

abundance, as often as thofe winds blow. ‘To con- 

firm this hypothefis of contrary winds being. the 

caufe of the variation in the weight of the air, he 

obferves, that within the Tropicks, where there are . 

no contrary currents of air, this variation does not 

obtain; but that the atmofphere continues much in 

the fame ftate of gravity in all kinds of weather.. 

Now, whether this, or whatever elfe, be the caufe 

of it, moft certain it is, that the weight of the 

air does vary ; and fo confiderable is the variation, 

that the weight of the air in it’s heaviett ftate, ex- 

ceeds the weight thereof when it is lighteft, in the 

proportion of almoft ten to nine. 

The changes which the air undergoes as to it’s 
gravity, are obferved by means of the Barometer or 

weather-glafs; which, as it was the invention of 

TORRICELLIvS, is known among the naturalifts 

by the name of the Torricellian tube or infirument. 

It confifts of a fmall glafs tube, about three feet 

long, clofed at one end, which being filled with 

mercury well purged from air, is inverted'into a 

cylindrical box of timber, wherein fome mercury 

is lodged ; upon the inverfion fome of the mercury 

falls out, whereby the upper part of the tube is 

left empty whilft the lower part continues full. 

Now, forafmuch as it has appeared from experl- 

ments, that the fufpenfion of the mercury in the 

tube, is owing to the prefiure of the air on the ftag- 

nantemercury ; the pillar of mercury which is kept 

up in the tube, mult always be equal in weight toa 

pillar of the atmofphere of the fame thicknefs ; 

confequently, as the weight of the atmefphere va- 

ries, the height of the mercury in the barometer 

mutt do fo too ; the mercury conftantly rifing as 

the weight of the air increafes, anc finking as that 

| Q 3 leflens, 
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Lect. lefiens. That the minute variations in the height of 
XV. the mercury may be obferved, that part of the 
try tube which lies between the limits of the leaft and’ 
greateft height, to wit, from 28 to 31 inches, is 
graduated ; each inch being divided into ten or 
twelve equal parts by means of a table, whereunto 
the tube is fixed; whereon likewife are infcribed in 
their proper places, fuch conftitutions of the air and 
weather, as have been obferved to accompany diffe- 
rent heights of the mercury. In contriving this 
inftrument, care muft be taken to make the box, 
which contains the ftagnant mercury, fo large, as 
that upon the rifing or falling of the mercury in the 
tube, the height of that in the box may fuffer little 

of no variation ; for fhould the ftagnant mercury 
fink upon the rifing of the mercury in the tube, or — 
rife as that finks, which muft be the cafe where the 
box is {mall ; the rife or fall of the mercury in the 
tube will appear to be lefs than it really is ; as for 
inftance, if when the mercury rifes half an inch in 
_ the tube, it does at the fame time fall a quarter in 
the box, the rife in the tube, which appears to be 
only half an inch, is in truth three quarters ; becaufe 
the height of the mercury is always to be computed 
from the furface of that in the box. So, on the 
other hand, if the mercury by falling half an inch 
in the tube rifes a quarter in the box, the true de- 
{cent in the tube is three quarters of an inch; inaf- 
much as the height of the mercury in the tube above 
the furface of the ftagnant mercury in the box, is — 

lefs after the fall by three quarters of an inch. By | 
making the circular area of the box thirty or forty 
times greater than that of the tube, (which is gene- 
rally the cafe, the tubes of moft barometers being 
but one fifth of an inch wide, and the boxes an. 
inch and a quarter) the ftagnant mercury in the - 

box may be kept conftantly at the fame height very 
nearly; the ereateft variation ef the height not 
amounting to more than the tenth or twelfth part 
ef aninch, which is inconfiderable. TS 
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If the tube inftead of being continued direétly Lz cr. 
upward, be bent at the height of 28 inches, inthe XV.” 
manner here reprefented, it is then called an smflec?- VY ‘ 

ed or diagonal barometer. in which the inclined part Pl. 7.” 
AB may conftitute an obtufe angle of any magni-*’* * 
tude with the perpendicular part BC 5, but the near- 
er the angle approaches to a right one, the longer 
mutt the inclined part be ; for.it muft be continued 
until the perpendicular altitude thereof AH, above 

‘the horizontal line HB, becomes. equal to three 

inches, which is the difference between the greateft 

and leaft height of the mercury in the barometer. ; 

_otherwife, the mercury will not have room to rife to 

it’s utmoft height, at fuch timesas the conftitution 

of the air requires it. . This. barometer , fhews. the 
minute variations in the weight of the air much 
more accurately than the former ; becaufe the rife 
or fall of the mercury in the inclined, part AB. is 
very fenfible, when an alteration in the perpendicu- 
lar height is fcarcely to be perceived. But then the 
box which contains the ftagnant mercury, ought.to 
be much larger. in proportion in this than in the 
former ; becaufe in this, a much larger,quantity, of 

‘mercury fifes into, and falls out of the tube, upon 

the changes of the weather. 4 bo a le , 

If the lower part of the tube in the firft, barome- 

‘ter, inftead of being inferted into a box, be turned 

up in the form of a crook, it is then called a curved 
barometer, in-which the crooked part generally termi- 
nates in a large bubble open at top, . The bubble py, .. 

“contains the ftagnant mercury, which, as it is pref- Fig. 4. 

fed upon more or lefs. by the incumbent air,, 1s forced 

up to a greater or fmaller_ height in, the {trait part 

of the tube. In this barometer the bubble ought 

to be fo large in proportion to the tube, as that 

_upon the greateft variation of the height of the mer- 

-cury in the tube, the height thereof in..the bubble 
may not. vary above one tenth of an inch; the 

ar ag ia Eatin Fhe neceflity 


ae 


’ 
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; 


Lect. neceffity there is for this, is evident from what was q 
XV.  faid concerning the magnitude of the box in the 
way firft kind of barometer. ; 

Befides the barometers hitherto mentioned, there 
is the wheel, as alfo the pendant or conical barometer, 
and others of various kinds ; which, however they | 
may differ’ as to their ftructures, do all agree in 
fhewing the changes in the weight of the air, by 
the rifing and falling of the mercury in their tubes ; 

wherein it fometimes, though very rarely, defcends — 
as low as twenty eight inches ; and at others rifes to 
thirty one ; the mean height thereof being twenty 
nine inches and an half. So that a pillar of the at-_ 
‘™mofphere, in the mean ftate of it’s gravity, is equal 
‘in weight toa pillar of mercury of the: {ame thick- — 
~_nefs, and whofe altitude is twenty nine inches and 
an half, Whence it follows, that an inch {quare of 
the earth's furface, or of any other body contiguous 
thereto, fuftains a preffure from the incumbent at- 
mofphere, when in the mean ftate 6f it’s gravity, 
equal to feventeen pounds, eight ounces, and 374 
rains; that being the weight of a {quare pillar — 
of mercury one inch thick, and twenty nine and 
an half high, ny hee a 

From this great preffure of the air it is, that two 
brazen hemifpheres, whofe diameter is three inches 
and an half, being laid one upon another, and then 
exhautted, cling fo faft together, as to require above 
150 pounds to feparate and draw them afunder. 
And it muft be obferved, tat as the globe in this 
experiment ‘cannot ‘be perfectly exhaufted, that 
{mall portion of air which remains within, by ex- 
panding itfelf, contributes to the feparation of the 
hemifpheres ; for which reafon, they are drawn a- 
funder by a lefs weight than that wherewith the air 
prefies them together; for the diameter of the {phere 
being three inches and an half, the area of it’s 
greateft circle 1s nine~{quare inches and three fifths 
nearly ; confequently, the weight of that pillar of 

2 air 
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air which preffes the hemifpheres together, is not Lec r. 


lefs than 162 pounds, even in it’s lighteft ftate, 
when the mercury in the barometer ftands at the 
height of 28 inches only. If the globe, after it 
has been exhaufted, be hung within a receiver, up- 
on drawing the air out of the receiver, the lower 
hemifphere wiil fall off from the other; which 
- plainly fhews, that their cohefion is owing to no- 
thing elfe but the weight and preffure of the air 
upon them. , | 

Since the atmofphere even in it’s lighteft ftate is 
_fo ponderous, as that a fquare pillar of it one inch 
_ thick, weighs fixteen pounds, nine ounces, and 461 
grains; it follows, that a middle fized man, the 


XV. 
Neeser peommened 


-furface of whofe body is generally allowed to con- 


tain about fifteen fquare feet, fuftains a preffure from 
the atmofphere, when in it’s lighteft ftate, equal to 
the weight of 31144 pounds ; which preffure on 
larger bodies, and in heavier ftates of the air, is {till 
greater ; and therefore it may well be afked, how 
it comes to pafs, that we are not fenfible of this 
preflure, great as itis. In anfwer to which it mutt 
be obferved, that {uch preffures only are perceived 
_by us, as'doin fome meafure move our fibres, and 
put them out of their natural fituation. Now, the 
-preflure of the air being equal on all parts of the 
body, cannot poffibly move the fibres of any one 
part, or force then from their fituation ; but on 
the contrary, miuft by reafon of it’s uniformity 
keep all the fibres in 5 proper places, and as fo 
doing, cannot be perceived. And that this is the 
cafe is evident from hence, that if the preffure of 
the air be taken off from one part of the body, the 
' preffure on the neighbouring parts immediately be- 
comes fenfible. ‘Thus, if a man covers the top of 
an open receiver with his hand, upon exhaufting 
the receiver, and thereby taking off the preflure of 
the air from the palm of the hand, he will perceive 
| eS SE phar a weight 


240 


Or PNEUMATICKS. 


. a weight on the back of his kand, and that fo great 


as to put him to pain, and almoft endanger the 


‘breaking of his hand. 


TH Gy es 
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Y¥ the elafticity of the air, whereof I intend 
‘to treat in this lecture, we.are to underftand 


that force wherewith the particles of air expand — 


‘themfelves, and recede from each other, whenever _ 
_ the preffure from without, which keeps them to-- 
“gether, is taken off. The method which I fhall 


obferve in treating of this force is, Firft, to thew 
from experiments, that the air is really indued with 


fuch a force; and, Secondly, to enquire into its — 
nature and laws... | 


As to the firft; if a little warmed ale, or any 


other liquor fomewhat glutinous. be put into a glafs 
and included in a receiver, upon exhaufting the re- 
“ceiver the liquor will rife inlarge frothy bubbles, - 
_and run over the glafs.. | 


Exp..1. - 


As the liquor is glutinous, it retains a great num- 


ber of airy. particles, which upon the removal of the 


outward air, and. therewith the preffure which it 
makes on the liquor, dilaté and expand themfeves ; 
and forafmuch as they cannot readily extricate 
«themfelves.from the. liquor by reafon of it’s clam- 
_minefs, they raife it up, and carry it over in the form 
“of froth. ‘And for the fame reafon it feems to be, _ 
that mead, cyder, and moft other domeftick wines, _ 
“after they have been bottled a. while, upon drawing» 
‘the cork, {purt out and fly. For as they are allin— 
dome meafure glutinous, they retain a good quanti- - 
-ty of air; which upon corking® the bottle is con~ 


denfed 
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denfed' by reafon of the condenfation of the airLrct.. 
which is lodged in the neck of the bottle ; befides, XVI. 
by the flight fermentation which fuch liquors.com-Wu~\—’ 
monly undergo in the bottle, a freth fupply of air 
is generated, equal in denfity to the former. When 
therefore upon drawing the cork, the extraordinary 
preffure arifing from the condenfed’air in the neck: 
of the bottle is taken off, the air which is difperfed’ 
through the liquor, expands it elf with greatforce,: 
and not finding a ready paffage between the parts of 
the liquor, which by reafon of their clamminefs do 
not eafily feparate, drives the liquor before it in the 
manner of a fpout. But to proceed ; OF WOR 

_ The expanfive force of the air is likewife evident 
from the following experiment. Leta glafs bottle Exp. z. 
of a globular. form, and containing a fmall quanti- 

ty of water, have a fmall glafs tube open at both . 
énds, inferted into it fo far as that the lower énd 
may be below the furface of the water; and let the 
infertion be made by means of a fcrew and a collat 
of leathers, in fuch a manner as that no air may 
pafs into or out of the bottle; Jet then the whole | 
apparatus be placed under a tall receiver, and upon 
exhautting the air out of the receiver, the water will 
Fife up through the tube in the form of a-jet, which 
will be higher or lower in proportion as the receiver 
is more or lefs exhaufted ; the reafon of which is; 
that the air included in the bottle by endeavouring 
to expand it felf, preffes upon the furface of the 
water, which therefore muft rife in the tube, as {oon 
as the preffure of the outward air which keeps it 
down is leffened ; and the greater the diminution of 
that external preffure is, the higher the water muft 
Be thrown)’ ee oiaran| obey bs es 
_ if a bladder wherein a fmall quantity of air is Exp. 3. 
included, be placed under a receiver, upon drawing 
the air out of the receiver the bladder will fwell, 
and the {welling’ will be greater or lefS- in pro- 
portion as the receiver is more or lefs sagan ' 
Be whic 
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Lec rt.which plainly argues an expanfive force in the 
“XVI. included air; as does likewife the burfting of a 
—-~— full blown bladder in an exhaufted receiver; as” 


Exp. 4- 
Exp. 5- 
Exp. 6. 


alfo the cracking of a fquare glafs phial when clofe 
ftopped. | : ) 
If a {mall fiphon, having a weight faftened from 

the handle of the pifton, and being clofed at the 
end fo as that upon drawing up the pifton no air 
can get in, be fufpended in an inverted pofition’ 
with the weight downward, and then covered with 
a.receiver ; upon drawing part of the air out of 
the receiver, the weight will defcend, and draw 
down the pifton ; and upon the re-admiffion of the: 
air it will rife again. | 

_ When pat of the air is drawn out of the recei-_ 
ver, that portion which remains within expands it 
felf, whereby it’s {pring is fo far weakened, as not to 
be able to ftarid againft and fupport the weight, for 
which reafon the weight defcends ; whereas, upon 
the return of the air which was carried off, the elaf- 
tick. force is fo far increafed, as to become an over~ 
balance for the weight, and upon that account 
drives it up. i 
» From this and the foregoing experiments it fully, 
appears, that the air is indued with an expanfive 
force. Whence that force arifes, and what the law 
of it’s action is, comes now to be confidered. 

The naturalifts were formerly of opinion, that 

the elafticity of the air was owing to the fhape and 
figure of it’s parts; for they fuppofed each particle 


of air to confift of feveral branches, which being 


of a pliable nature, were capable of being compred- 
fed and {queezed together by any outward force, and 
of expanding and fpreading themfelves abroad upon 
the removal of the compreffing force; and this 
has been thought by fome to bea full and fatistacto 
ry account. But that great philofopher Sir Isaac 
Newron, was of-opinion, that the expanfive force 
of the.air is altogether. inexplicable on the foot of 

| this, 
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this, or indeed any other hypothefis, except that Le cr. 
of the air’s being indued with a repelling power, XVI. 
whereby the particles recede and. fly from each ——— 
other ; his words are thefe. | | ‘ 

«© That there is a repulfive virtue, feems alfo to 

‘© follow from the produétion of air and vapour. 
“© The particles when fhaken off from bodies by 
“¢ heat or fermentation, fo foon as they are beyond | 
<< the reach of the attraction of the body, receding 
from it, and alfo from one another with great 
ftrength, and keeping at a diftance, fo as fome- 
times to take up above a million of times 
more fpace than they did before in the form 
of a denfe body ; which vaft contraction and 
expanfion feems unintelligible, by feigning the 
particles of air to be fpringy and ramous, or 
tolled up like hoops, or by any other means 
than a repulfive power.) 

Now, fuppofing this to be the cafe, and that the 
repelling power of each particle exerts it felf on the 
next adjacent particles only, as Sir Isaac feemed 
to imagine, I fhall fhew you what the Jaw of this 

repelling power is, or, in other words, how this 

power is varied, by varying the diftance of the 

particles; and in order thereto, fhall lay down the 
following PRoposiTIon. | 
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Prov. If a fluid be compofed of particles endued 

_qith a repulfive power, fo as that each particle repels 

thofe, and thofe only, which are next it, ana if the 

force wherewith two adjacent particles repel each other, 

be in a given reciprocal ratio of the interval of their 
centers , that is, putting 1 for the interval of the .cen- 
ters, and PB for the index of the given power of that 
 jnterval, I fay, if two adjacent particles repel each | 


, : I 
other with a force that is as ee the force which com- 


A preffes the finid, is ‘as the cubic root of that power of 
| the 
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Le ct. the denfity of the fluid, whofe index is P incr eafed by 
XVI. 2, or P4-25 that is, putting F for the comprefing 


a 
“ 


Exp. 7. 


i Ee ihe 
Fig. 5. 


‘elaftick force of the fluid, and of confequence the 


Mii hae Nae a f, T PNG 
centers of the particles; that is, D is as ee and I~ 


force, and D for the denfity of the fluid, F is as D 
raifed up to the power whofe index is Bs a 


For the proof of this, let a portion of the fuidl 


be contained in a given cubic {pace, whofe upper 


furface is denoted by the fquare ABCG, the com- 
preffing force being applied to that furface. a 
~The elaftick force of the fluid, which withftands 
the compreffing force, and is exactly equal thereto, 
is the force of thofe parts only which compofe the 
upper furface; becaufe the repelling forces of the 
particles are fuppofed to exert themfelves on thofe 


“particles only which lye next them, and not to ex- 
_tend to particles more remote. But the force of the 


fuperficial parts, is as the number of particles in the 
furface, and the force wherewith any two adjacent. 


particles repel each other conjointly. Now, the 
‘number of particles in the given fquare furface, is | 


reciprocally as the fquare of the diftance of the cen- 


A : I 
ters of two adjacent parts; that is, as ee 7 


by fuppofition, the force wherewith two parti- 
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Bd 
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cles repel each other, is Tm and therefore, the 
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f I i 
compreffive force, or F, is as Bh i The denfity- 


-of the fluid contained in the given cubical fpace, is 


inverfly as the cube of the diftance between the 


3 
I , 5 ot eae 
18. a8 3-3 and therefore, by fubftituting —-in the — 
ee ee Rtas ope ae 
room 
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! P are 
room of I, F is as D- a ; that is, the com- ye 
preffive force is as the cube root of that power of the —~——~ 
denfity of the fluid, whofe index is P+2. 


_ Corot. From this propofition it follows, that 
if the denfity of an elaftick fluid be as the force 
which compreffes it, the particles repel one another 
with forces that are-inverfly as the diftances of their. 
centers.) | . : 


_ For fince F is.as D,. 


fo likewife is P; confequently, the P power of I, 
whofe reciprocal exprefies the repulfive force of the 
particles, 1s equal to I. Ai yith 

- Hence the particles of air muft repel one another 
with forces reciprocally proportional to the diftan- 
cesof their centers, becaufe the denfity of the air is 
proportional to the force which comprefles it; as 
will appear from the following experiment. ~~ 

» {et an inflexed tube as AB, open at both ends, Exp. 8. 
be filled up with mercury to fome fmall height, 
fuppofe DC; then ftopping the end B, fo as that-Pl. 7. 
the Air may not get out when it is cOmprefled,-and Fig. 6. 
-meafuring the length of BC, thavipart of the thort- 

er leg that is filled with air, which air, it is evident, 
is comprefled by the weight of the atmofphere; 
let mercury be poured inat A, till the height there- 
of in the longer leg above the height of the fame in 
the fhorter, becomes equal to the height at which 

‘jt flands in the barometer, by which means the air 
in the fhorter leg will be compreffed by twice the 
weight of the atmofphere; let then the length of 
_ that part of the leg which is poflefied by the air un- 
_ der this double prefiure be meafured, and it will be 
- found to be juit one half of BC; whence it appears, 

that the fpaces which a given quantity of air pof- 
feffes under different prefiures, are reciprocally pro- 
portional to the preflures ; and confequently, src) 

Ais muc 


is equal to unity, and 
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- Lz cr. much as the denfities of bodies where the quantity of 
XVI. matter is given are reciprocally as their magnitudes, 
“—\y—~ the denfity of the air is directly as the compreffing | 
force. From this property of the air, Cores has - 
deduced a method for determining the denfity there-. 
of at any height; what he has delivered concern- 
ing this matter, is contained in the sth chapter of 
his Harmonia Menfurarum, which I fhall endeavour 
to explain to you ; and in order thereto, fhall lay 
before you fuch properties of the logarithmic curve, 
as I fhall have occafion to make ufe of, referring 
you for their demonftrations to the forementioned 
author, and others who have wrote of that curve. 
PL7. Let then BDGI be a logarithmic curve, AH it’s 
Fig-7- afymptot, that is, a right line fo fituated with re- 
fpect to the curve, as not to meet it till it is drawn — 
- to an infinite, or rather indefinite length, BA, DC, 
and GF, ordinates, that is, right lines perpendicu- 
lar to the afymptot at the points A, C, and F, and 
terminating in the curve. BC a tangent to the 
curve at the point B. The properties of this curve, 
which I fhall have occafion to mention, are thefe 
four. q ae 
Firft, Any portion of the afymptot intercepted 
between two ondinates, is the logarithm or meafure 
of the ratio which thofe ordinates bear one to 
the other; thus AC meafures the ratio of BA to 
DC; and CF meafures the ratio of DC to GF; 
and fo likewife, AF meafures the ratio of BA to 
GF. And if AC, AF, and AH be in arithme- 
tick proportion, then DC, GF, and IH are in geo- 
metrick proportion; and if any portion of the 
afymptot be a given quantity, then is the ratio of 
the two ordinates which intercept that portion, 
likewife given, | | | 
Secondly, That portion of the afymptot as AC, 
which is intercepted between a tangent and an or- 
dinate, drawn to the fame point of the curve as B, 
is a given quantity; or in other words, to what- — 
ne ever 
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ever point of the curve the tangent and ordinate are Lr or, 
drawn, the portion of the afymptot which theyin- XVI. 
fercept, is always of one and the fame length. The + ~—~ 
portion fo intercepted is called the /ubtangent, and it 
is the module, or that which regulates the magni- 
tudes of all the logarithms in the fame fyftem ; for 
they are greater or lefs in proportion to the magni- 
tudes of the fubtangent ; fo that if in two logarith- 
mic curves, the fubtangent of one be double or 
triple the fubtangent of the other, the meafures of 
_ the fame rasios are likewife twice or ‘thrice as great 
in the former as they are in the latter. - ae 
Thirdly, The indefinite areas comprehended be- 

_ tween the curve and the afymptot, drawn on to an 
indefinite length beyond HI, are to one another as 
thé ordinates which bound them in their wideft 
parts ; thus, the indefinite “reas BAHI, DCHI, 
and GFHI, are to one another, as the. ordinates 
BA, DC, and GF. | 
Fourthly, The indefinite area BAHI, is equal 
to the parallelogram BACE, comprehended under 
the ordinate BA, and the fubtangent AC. 
_ Thefe things being premifed, let AB reprefent 
the earth’s furface, and let AH bea line perpendi- 
cular thereto ; then, forafmuch as the denfities of 
the air at different heights, are as the preffures of 
the incumbent atmofphere, and the ordinates in the 
curve, as the indefinite areas which lie beyond 
them ; if the indefinite grea BAHI be made to 
denote the weight or-preffure of all the air, and AB 
it’s denfity at the furface of the earth, then by the 
third property of the curve, the indefinite area 
DCHiI, will denote the weight or. preffure of all 
the air which lies above C, and the ordinate DC 
will denote the denfity of the air at that height ; 
and thus it is with regard to any other height, fo 
that at all heights, the denfities of the air will be 
‘denoted by the refpective ordinates; wherefore, . by 
- Bebe Ss ee the 
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Lect. the firft property of thecurve, the difference between 
XV. any two heights, is the meafure of the ratio. which 
t—-——/ the denfities of the air bear to one another at thofe 
heights ; thus CF meafures the proportion which 
the air’s denfity at the height C, bears to it’s denfity 
at the height F. Let us now fuppofe the force of 
gravity to ceafe, and that the air is fo comprefied 
by fome external force, as to be every. where from 
top to. bottom of the fame denfity, as it is at the — 
furface of the earth ; it’s weight or preffure which — 
before was denoted by the indefinite area BAHI, — 
may now be denoted by the parallelogram BACE, 
inafmuch as by the fourth property of the curve, — 
that area and this parallelogram are equal. Since — 
then two fluids which balance each other muft have _ 

_ their heights inverfly as their fpecifick gravities, if 
we put unity to denote the fpecifick gravity of the — 
air at the furface of the earth, and fay, as uni- : 
ty to 11890, which is the fpecifick gravity of mer- _ 

~ eury with refpect to that of air, fo is 24 feet, 
which is the height of the mercury in the barome-_ 

- ter, toa fourth number, we fhall -have 29725 feet © 
for the height of the homogeneal atmofphere; and _ 
this height is equal to the fubtangent AC. For 
fince the preffure of this homogeneal atmofphere is | 

_ as it’s denfity into it’s height, and likewife as the 
rectangle BACE, ; and fince the denfity is denoted _ 
by BA, the height muft be denoted by AC, the — 
module in this fyftem of logarithms. Hence we — 
have a method for determining the denfity of the 
air at any height; for putting H to denote the 
height at which the denfity of the air is required, by _ 
the fecond property of the curve, we have this ana- 
logy, as the integral number marked A, which is _ 
the module of this fyftem, is to the fractional 
number marked B, which is the module of Brices’s 
fyftem, fo is H expreffed in feet, toa fourth num=_ 
ber, which in Brices’s tables is the logarithm of — 
at | the 
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the ratio of the denfity of the air at the earth’s fur-Lec tr. 
face, ‘to it’s denfity at the height H, anfwerable to XVI. 
which in the tables is the natural number exprefling —~—J 
that ratio. | 


A B 
29725 : 0.43429448 :: H: 0.43429448 x H. 
: 29725 
B D f 
26400 x 0.43429448—-0. 385661. 2.4303, 
A 6. 
29725 y 


Thus, for inftance, if the denfity of the air at 
the height of five miles, or 26400 feet, be required, 
by multiplying that number by the fractional num- 
ber marked B, and dividing the product by the 
Integral number marked A, we fhall have the 
‘logarithm marked C, anfwerable to which in the 
tables is the natural number marked D, exprefling 
the ratio of the air’s denfity at the furface of the 
€arth, to it’s denfity at the height of five miles ; 
whence it appears, that at the furface of the earth, 
the air is denfer than it is at the height of five miles, 
in the proportion of almoft 2+ to one; but then, 
this on fuppofition that the force of gravity con- 
tinues the fame at all heights, whereas in truth, that 
force decreafes in the recefs from the earth’s center 
in the duplicate ratio of the diftance, which caufeth 
the denfities of the air at different heights to be 
fomewhat different from what they would be in cafe 
the force of gravity did not vary. 
_ Inorder therefore to determine the denfities more PI. 7. 
accurately, let S be the earth’s center, and AB, equal Fis: 8. 
to AB in the laft figure, the earth’s furface, and let 
F be the height at which the denfity of the air is 
required; let SK bea third proportional to SF and 
SA, and at the point K, let the ordinate KG be 
ee R 2 drawn 


ip ov. drawn, denoting the denfity of the air at F, then 
XVI. taking the point M at an indefinitely fmiall diftance 
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UY above F, let SL bea third proportional toSM and — 


t : 


SA ; and at the point L, let the ordinate LN be 


drawn, denoting the denfity of the air at M; this 
being done, it will appear, that the curve BGN © 


which paffeth through the points G and N, is the 
fame logarithmic curve with the former, but in an 
inverted pofition. For fince SL isto SA, as SA to’ 
SM, and fince SK is to the fame SA, as SA to 
SF, then by equality of ratio, SLis to SK, as SF 


to SM, and by divifion and permutation, KL is_ 
to FM, as SK to SM; or becaufe. FM 1s indefi- | 
nitely {mall, as SK to SF, that 1s, as SA‘ to SF%; — 
whence reducing that analogy into an equation, and 

iia ; SA2xFM | 
dividing by SF%,, we fhall have KL=—~opa—3 | 


and rejecting SA%, as being a given quantity, we 


fhall have KL as FM directly, and SF* inverfly 5 
but FM is as the quantity of air in the indefinitely 
little fpace FM, and SF4 inverfly is as the gravita- 
tion of the fame air, and KG is as it’s denfity ; con- 
fequently, the rectangle under KL and KG, or the 
area KGNL, is as the gravitation, the quantity, 


and denfity of that air conjointly, that is, as it’s pref- | 


fure on the air beneath it; and the fum of all the 
fimilar areas below KG, is as the fum of all the. 
preffures above F, that is, as the denfity of the air 
at F, or as KG, which denotes that denfity ; and 
KGNL, which is the difference of the two fums of 
all the fimilar areas, one of which fums begins from | 
the point K, and the other from the point L, is as 
the difference of the air’s denfities at F and M, that 
'is, as KG—-LN. Let now KL be given; that is 
‘to fay, let the {mall portion intercepted between 
KG and LN be always of one and the fame length, 
in whatever parts of the line AS the points K and/ 
Lare taken; then KG will be as the area KON 
| z eee 


- 
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and confequently, as KG—LN ; whence by divi- Lec rT. 
fion, KG will be as LN, fo that the ratio of KG XVI. 
to LN is given, and of courfe the given line KL war 
will be the meafure of that given ratio ; whence 
by the firft property of the logarithmic curve, the 
curve which pafleth through the points Gand N isa 
logarithmiccurve ; and it js alfo the fame with the 
former; for taking AO the heightabove the earth’s 
furface indefinitely fmall, it is evident, that the 
force of gravity is the fame at O that it is at A, 
confequently, the denfity of the air at O will come 
out the fame, whether the law of gravity be taken in- 
to the confideration or left out ; let then the ordinate 
OP be drawn in the former curve, and at the fame 
diftance from A in the latter curve, let the ordinate 
PQ be drawn. Now, fince one and the fame den- 
fity of the air at the earth’s furface, isdenoted in both 
curves by the equal ordinates BA, it 1s evident, 
that the ordinates OP and PQ, which in the two 
curves denote one and the fame denfity at O, muft 
likewife be equal ; whence it follows, that both 
curves have the fame curvature, as alfo the fame in- 
clination of their tangents at the points B, and their 
fubtangents equal.; that is, the latter curve is the 
fame with the former, but in an inverted pofition. 
Now, forafmuch as BA in the latter curve denotes 
the denfity of the air at the furface of the earth, and 
GK it’s denfity at F, it is evident by the firft pro- 
perty of the curve, that in this fyftem, AK is the 
meaiure of the ratio which the denfity at the fur- 
face has to the denfity at F; the firft thing there- 
fore which muft be done, in order to difcover the 
denfity at F, is to find out the line AK, and this is 
done by diminifhing AF in the fame proportion 
that the earth’s femidiameter SA is lefs than SF, the 
diftance of F from the.earth’s center ; for by the 
conitruction, SF is toSA, as SA to SK ; whence 
by divifion, SF : SA :: AF: AK. AK being 
thus obtained, letit be called H; then, by the fame 
| | [see proceds 
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Lec 7. procefs as before, we may difcover the denfity of 
XVI. the air atthe height F. | } 


hanes mtd att E feet, 
4005 : 4000 :: 5 : 4000x5=—4.99375==26367. 
| 4005 
B oF Gunite 
| /26367x0.43429448==0. 3852 32. 2.4279. 
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For inftance, if the denfity of the air at the 
height of five miles be required as before ; then. 
by faying, as 4005 miles, that is SF, is to 4000 
miles, that is SA, {0 is five miles, that is AF, toa 
fourth, we fhall have the number marked E, ex- 

_ preffing miles, and parts of a mile, equal to 26367 
feet, which being niultiplied by the fraétional num- 
ber marked B, and the product divided by the in- 
tegral number marked A, we fhall have the fraéti- 
onal number of Brioas’s tables marked F, anfwer- 

_able to which is the natural number marked G, ex- 
prefling the ratzo of the air’s denfity at the furface — 
of the earth, to it’s denfity at the height of five - 
miles. After the fame manner may the ratio of 
the air’s denfity at the furface, to it’s denfity at any 
height becomputed. The refult of fuch computa- 
tions I have fet down in the annexed table; the — 
firft column of which contains the heights of the 
air in Englifh miles, whereof 4000 make a femi- 
diameter of the earth. The numbers in the fecond 
column exprefs the ratio of the air’s denfity at the 
furface, to it’s denfity at the refpective heights, and 
they likewife denote the rarity or expanfion of the, 
air at thofe heights. The third column contains — 
the denfities and compreffions at the feveral heights. 
' ‘The numbers at the bottom of the fecond column 
included in crotchets denote, that fo many figures 
are to be annexed to the five preceding, and thofe 
included in the crotchets at the bottom of the third 
Hite column 
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column denote, that fo many decimal cyphers are L Md ihe 


to be prefixed to the five following figur 
Heights of| Rarity 
the air in 


1000000 
Infinite. 


fion. 


and expan- Compreffi 


es. 


Aon and feos ee i 


denfity. 


1.0454}0.95676 
1,0928}0.91 509 
1.1424|0.87535 
1,1943]0.8 5405 


1.242910.80456 - 


1.305210.76616 
1.3644]0.73290 
1.426310.70118 
1.487110.67244 
1.5586|0.64160 


1,6292|0.61379 . 


1,7031|0.58716 
1.7883]0.55919 
1.8596)0.53775 
1.94.60]0.51387 
2.03 36]0.49173 
2.1257|0.47043 
2.222110,.45002 
2.3226]0.43012 
2.427910.41187 


— 5.9182]|0.16897 
34.288 0.029164. 


—— — 198.34-—]0.0050418 


——- —1136. —j0.00088028 . | 
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Coron, Since SF: is by. conftruétion. equal to. 


fem BK > and fince from the nature of mufical propor- 


Pl. 
Fig, 9. 


Exp. 8. 


tion, the quotients arifing from the divifion of one — 
and the fame quantity by quantities in arithmetick 
progreffion, conftitute a feries of mutica] propor- 


tionals, it follows, that if feveral diftances from — 


the earth’s center as SF, be taken in mufical pro- 
greffion, their reciprocals as SK, muft be in arith- 
metick progreffion ; and by the firft property of the 
logarithmic: curve, the denfities of the air as KG, 
muft be in geometrick progreffion. » | 

Since the denfity of the air is proportional to 
the compreffing force, andfince the compreffing 
force is equal to the claftick force, it is manifeft, : 
that if the denfity of the air be increafed, the elaf- 


ticity will likewife increafe in the fame proportion ; 


and on this principle are founded artificial foun. 
tains, which ‘play by means~ of condenfed alr 3 
they are of two kinds, fingle and double. The 
fingle fountain is made of brafs, and is every 
where fhut, excepting that through the middle of 
the bafon BB) ‘there pafies down.a -pipe PP, 


whofe lower end reaches nearly to the bottom of 


the fountain, and to the upper end is fitted a ftop- 
cock, by help of which the pipe may be fhut or 
opened at pleafure. es G a 

Some part of the fountain as ADC, being filled 
with water poured in through the pipe, a peering 


or forcing fyphon is fcrewed to the top.of the pipe 


above the cock, by means Whereof, a great quantity _ 
of air is thrown into the pipe; which asit cannot 
return back, by reafon of a valve which fhuts clofe 
upon the hole of the fyphon, forces it’s way through 
the water into the upper part of the fountain, and © 
there remains in a ftate of condenfation, greater than 
that of the outward air. When therefore the con- 
denfer is taken off, and the cock opened, the in- — 
cluded air prefling ftrongly on the water which lies 4 
; beneath — 
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beneath it, throws it up through the pipe, and Lect. 


thereby makes a jet. ee XVI. 
The force wherewith the water is thrown up, is —\— 

proportional to, and may be expreffed by the excefs 
of the denfity of the included air above that of the 
external air. For if the included air be equally denfe 
with that without, it’s elaftick force muft be equal 
to the compreffive force of the atmofphere ; confe- 
_ quently, thofe two forces will balance one another, 
and the water will continue at reft, being preffed as 
ftrongly downward by the weight of the external 
air, as it is upward by the expanfive force of the in- 
cluded air; but if the included air be more denfe 
than the external, it’s elaftick force will exceed the 
compreffive force of the atmofphere, in the fame 
proportion that it’s denfity exceeds the denfity of the 
outward air; confequently, that part of the expan- 
five force of the included air which raifes the water, 
is proportional to, and may be exprefled by, the. 
excefs of the denfity of the included air above that 
of the external air. So that putting F for the 
force which raifes the water, D for the denfity of 
the included air, and 1 for the denfity of the air 
without, F 1s as D—1. sep 

_ The height in feet to which the water rifes, fet-. 
ting afide all impediments, is equal to the product 
arifing from the multiplication of 33 into the ex- 
* cefs of the denfity of the included air above that 
of the outward air; that is, putting H for the 


height of the jet, and x for 33, H=x D—x. 


_ For as water which is driven out of a refervoir by 
_ the preffure of the incumbent water, if it fpouts di- 
rectly upward, rifes to the fame height with the wa- 


ter in the refervoir; fo if it be driven by any other 


force, it muft rife to an equal height with a pillar 
of water whofe preffure is equal to that of the driving 
- force ; forafmuch therefore as the atmofphere makes 
_an equal preffure with a height of water of 33 st 
! the 
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Lec. the water will be thrown to the height of 29 feet 


XVI. 


by the compreflive force of the atmofphere; where- — 


t—\——~ fore if we put 1 for the preffure of the atmofphere, 


Pig. 
| Fig. 10. 


Exp. 9- 


and fay, as one is to 33 or x, fo is D1, which 
exprefles that part of the preffure of the in- 
cluded air which drives out the water, to a fourth 
proportional, we fhall have xD—x, or xx D1, 
for the height to which the water is thrown ; 


_ whence it appears, that if D-—r be equal to unity, _ 


which is the cafe when the-air within is as denfe 
again as that without, the water will rife to the 
height of 33 feet; and if D—1 be equal to 2, 


which is the cafe when the included air is thrice as _ 


denfe as the extertial, the height of the jet will be - 
66 feet, and fo on. | ; 
_ The double fountain confifts of two fingle foun- 


“tains, whofe bottoms are fattened to an hollow brafs 


cylinder, oné at each end, in the manner repre- — 
fented in the figure, wherein AA and BB denote the 
two fountains with their bafons; CC the hollow 
cylinder, which plays upon the pins DD as upon 
an axle; each has a pipe as P, whofe lower end 
reaches nearly to the bottom of the fountain. From _ 
the bafon of the fountain AA, there iffues another 
pipe as T, which paffing through AA, and likewife 
the hollow cylinder CC, without communicating — 
with either, opens at E into the fountain BB. And in 
like manner fuch another pipe iffuing from the bafon 
of BB, and paffing through that fountain and the 
cylinder, opens into the fountainAA. The hol- 
low cylinder being placed in an upright pofture by 
mieans of the carriage which fupports it, and the 
pipes of the lower fountain being ftopped, water is 
conveyed into it threugh the pipe T, which iffues — 
from the bafon of the upper fountain ; by the rune — 
ning in of the water theair contained in the lower 
fountain is crowded into a {maller fpace, and there- 


by condenfed ; if then both the pipes of the upper 


fountain 


\ 
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fountain be ftopped, and the lower fountain be 
brought into the place of the upper, by turning 
the cylinder on it’s pins, the water which it con- 
tains will fall to it’s bottom, and the lower end of 
the pipe P will be immerfed therein, in the man- 
ner reprefented in the upper fountain; fo that 
upon opening that pipe, the water will be driven 
through it by the expanfive force of the condenfed 
air; and as it falls into the bafon, it willbe con- 
veyed thence by the pipe T into the lower foun- 
tain; and when the upper is exhaufted and ceafes 
to play, then ftopping it’s pipes, and changing 
the places of the fountains as before, the other may 
be fet a going in the fame manner.. | 


LECTURE XVIL 
Or SounpDs. 


WN this leGture I fhall firft explain to you the Lecr. 
NATURE OF Sounps, and then treat of the XVIL 
VIBRATIONS OF Musica STRINGS. en pore 
That Sounps have a neceflary dependance on 
the air, will appear from the following experi- 
ment. | 
Let a bell be placed under a receiver in fuch a Exp... 
manner as that it may be rung at pleafure ; and up- 
on drawing the air out of the receiver, the found of 
the bell will grow lefs and Jefs audible in proportion 
to the degrees of exhauftion, fo as at laft almoft to 
die away, and fcarcely to be heard at all; and up- 
on re-admitting the air, the found will revive again, 
‘and increafe in proportion to the quantity of air 
that is taken in. sith 
As this experiment proves the air to be neceflary 
to the production of founds, fo the tremblings 
_ + which great guns, bells, drums, and many other 
founding bodies communicate, by means of the 
¥ 3 intermediate 


&\ 
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Lec T. intermediate air, to {uch bodies as are-near them, 


XVI. 


plainly, thew, that founds depend on tremulous 


t—y-—/ motions of the air; which therefore I fhall endeavour 


to explain to you, together with the caufe and man- 
ner of their production. When the parts of a bell, 
a mufical ftring, or any other elaftick body are fet 
in motion by a.ftroke, they vibrate, that 1s, they 
go forward and return backward alternately through 
very fhort {paces ;in going forward they propel, 
and thereby comprefs and condenfe the air which lies 
next them; and in returning backward, they fuf- 
fer the compreffed air to recede and expand it felf ; 
{o that the parts of the air which are contiguous to 
the trembling body, go and return in ne fame 
manner with the parts of the body ; and as they 
are endued with a repulfive power, they muft by 
means thereof excite the fame vibrations in thofe 
parts which lie next beyond them ; and thefe again, 
muit in like manner agitate the parts beyond them, 


‘and fo on continually ; fo that by one fingle vibra- 
tion of an elaftick body, a motion is excited in the 


air, and propagated dire¢tly forward, by which 


- fome parts go forward, whilft others return back, 


aia. 
Fig. LE 


and that alternately, as far as the motion reaches: 
That this motion may more readily be conceived, 
let ST reprefent an  elaftick ftring, ftretched and: 
made faft at both ends; and by a force applied to 
the middle point H, let it be drawn into the pofi- 
tion SET; upon the removal of the force which 
inflects it, it will by vertue of it’s élafticity return 
to it’s former pofition SHT ; and forafmuch as the 
reftitutive force acts conftantly upon it during the 
time of it’s motion from E to H, it’s motion through 


that {pace mutt be continually accelerated, andthe _ 
_ velocity thereof mutt be greateft at H. When the 


{tring has recovered the pofition SHT, it will not 
remain therein ; but by vertue of the velocity ac- 


quired in moving from Eto H, it willbe carried fore 


ward tillit has moved through a {pace as HK, equal 
i ta 


~ 
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to EH, and then it’s motion forward will ceafe ; for Le cr. 
as it moves towards K, the elaftick force acts contit? XVII. 
nually upon it in drawing it back, and by fo doing, way~ 
retards the motion from H to K, in the very fame 
manner that it accelerated the motion from EF toH; 
confequently, by the time that the {tring has moved 
from H to K, it will have loft all that velocity 
which it acquired’in moving from E to H ; as foon 
as it ceafes to Go forward, it will be brought back ° 
again from K to H by the force of elafticity ; with 
an accelerated motion, in the very fame manner as 
it was at Airft from E to H; and when it has arri- 
ved at H, it will by vertue of the acquired veloci- 
ty, go on to EB, with a retarded motion, in the 
{ame manner as it did from HtoK. ‘The motion 
of the {tring from E to K and back again, is called 
—avibration , and it is evident from what has been 
faid, that fetting afide all external impediments, a 
ftring which has made one vibration, muit continue 
to vibrate for ever through the fame fpace ; but, 
whereas it meets with continual refiftance from the | 
air, the fpace through which it vibrates, muft on 
that account grow lefs and lefs continually, and at 
length vanith ; and yet, notwithftanding this variati- 
on in the fpace, the times of the vibrations are all 
equal, as I fhall demonttrate before the clofe of this 
Je@ure; but I take notice of it in this place, becaufe 
one of the chief properties of the pulfes of the air, 
whereof I fhall have occafion to make mention 
prefently, has a neceffary dependance thereon. 

When the ftring is drawn into the pofitionSET, = 
if we fuppofe A, B, C, and fo forth, to be particles 
of air placed in a right line one beyond another, and 
that the diftance of the firft particle from the ftring 
at E, is equal to the interval of any two adjacent 
particles, as it muft needs be, on fuppofition that the 
particles of the air fly from other bodies with the 
bine force that they repel one another; upon let- 
SY uy. 3 ting 
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Le cr. ting the ftring go, as it cannot move forward with- : 
XVII. out approaching to the particle A, it mutt in the x 
“vw very next inftant after it begins it’s motion, propel 
that particle ; which for the fame reafon, muft in 
the next inftant after it begins to move propel the — 
particle B, and that muft in the fame manner pro- 
pel C, and C propel D, and fo on; fo that the 
ftring, and the feveral particles of air taken in 
their order, will begin to move forward fucceffive- 
ly one after another, at very {mall intervals of time. 
And whereas the ftring is accelerated in it’s motion _ 
from E to H, and retarded in it’s motion from H ~ 
to K, the particle A muft likewife be accelerated 
in one half of it’s progrefs, and retarded in the: 
other; for fince A is equally diftant from the 
{tring, and from B, before the vibration com- 
~“mences, and fince it begins to move forward alittle 
later than the ftring ; it is evident, that upon the 
firft motion of the {tring, the diftance between that 
and A, muft become lefs than the diftance between 
A and B; and forafmuch as the increments of ve- 
locity which are continually generated in the ftring 
by the action of it’s elafticity, are not communicated 
to the particle A, in. the inftant of time wherein 
they are generated, but a little later ; it is mani-- 
feft, that the ftring during it’s motion from Eto 

Hi, muft continually be nearer to A than A is to 
B; and confequently, muft a& more forcibly in 
_ driving A forward, than B does in driving it back- 
ward, and by fo doing accelerate it’s motion. After 

the ftring has arrived at H the middle point of it’s 
progrefs, and ceafed to be accelerated, in the very 
next moment A likewife reaches the middle point 
of it’s progrefs, and ceafes to be accelerated, being — 
driven as ftrongly backward by B, as it is forward — 

by the ftring. But however, by vertue of the ac- 
quired motion, it continues to go forward, but with 
a retarded motion ; and is at length ftopped by the - 
: ee repulfive 
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repulfive power of B; in the fame manner that the Lge. 
{tring in moving from H to K is retarded, and at XVII. 
laft ftopped by the action of it’s elaftick force. Uap 
After the firing has reached K, the utmoft limit of 
it’s progrefs, in the very next moment does A like- 
wife reach the utmoft limit of it’s progrefs, and then 
turning back, purfues the ftring, which had like- 
wife turned back the moment before. And as the 
ftring is accelerated during it’s return from K to H, 
and retarded from H to E; fo the particle A 
during the firft half of it’s return, being nearer to 
B than it is to the ftring, muft be accelerated ; and 
during the latter half, being nearer to the ftring, 
is thereby retarded, and at length ftopped upon it’s 
arrival at the place from whence it fet out, which 
happens immediately after the ftring has returned to 
_E; and there it continues at reft, unlefs by a fecond 
vibration of the ftring it be again driven forward in 
the fame manner as before. As this particle is 
made to go and return through a very fhort fpace, by 
the impulfe of the ftring, fo likewifeare the feveral 
fucceeding particles, by the impulfes of the foregoing; 
and as the ftring, and the feveral particles taken in 
their order, begin their motions forward, fuccefflive+ 
ly one after another at very {mall intervals of time, 
fo likewife do they begin to return in their order at 
the fame intervals of ume; whence it follows, that 
fome of them muft go forward, at the fame time 
that others return back. As the particles which go — 
forward begin their motions, fucceflively one after 
another, they muft neceffarily come nearer toge- 
ther; that is, they muft be condenfed. And it © 
muft be obferved, that the condenfation goes for- 
ward continually; for in the very next inftant after 
any particle as D, has made it’s neareft approach to: 
E, Emoft make it’s neareft approach to F'; and in 
the next inftant F muft make it’s neareft approach 
to.G, and fo on continually ; fo that the concen- 

Ag {ation 
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Lec r. fation muft pafs forward fucceffively in a regular 
XVII. manner through the feveral particles of air. an 
~~ But that I may explain this vibratory motion of 
the air more particularly, it muft be obferved, that 
as the ftring during the firft half of it’s progrefs from _ 
F, to H is continually accelerated, it’s diftance from 
the particle A muft conftantly grow lefs; and for- 
afmuch as during the latter half of it’s progrefs from 
H to K, it is continually retarded, and that in the 
fame uniform manner that it was accelerated from 
E to H, it’s diftance from A mutt conftantly be in- 
larged, and that in the fame regular manner thatit 
was diminifhed during the progrefs of the ftring 
from E toH; fo that by the time it has arrived at — 
K, the utmoft limit of it’s progrefs, it is juft as far 
diftant from the particle A, as it was when it firft~ 
fet out. Upon the return of the ftring, inafmuch. 
as it is continually accelerated from K toH; it’s 
diftance from the particle A muft ftill be inlarged ; 
and forafmuch as it is retarded in it’s motion from 
H to E, in the very fame manner as it was accele- 
rated from K to H, it’s diftance from A muft con- 
{tantly grow lefs in the fame regular manner that it. 
was inlarged during it’s motion from K to H,. fo 
that upon it’s return to E, it is. again juft as far dif- 
tant from the particle A, as it was at it’s firft fet- 
ting out. From what has been faid, it is evident, 
that the ftring during the time of it’s progrefs, is 
_ always nearer to the particle A, than it was before 
it’s motion began, and that it’s leaft diftance from 
the particle is at H, the middle point of it’s pro- 
grefs ; it is likewife manifeft, that during the time 
of it’s return, it is always more diftant from the par- 
ticle than it was before it’s motion began ; and that — 
it’s greateft diftance from the particle is at H, the — 
middle point of it’s return, And what has been — 
thus {hewn of the {tring with refpect to the particle 
A, 1s in like manner true of that particle with re- 
| : {pect 


_ {pect to the particle B, and of B with refpe@ toC, Le cr. 
and fo on of every particle, with refpeét to that which XVII. 
lies immediately beyond it, as far as the motion —\—— 
reaches ; fo that each particle with regard to that 
_ which lies immediately beyond it, is in a ftate of 
condenfation during it’s progrefs, and of rarefaction 
during it’s return, it’s greateft condenfation being at 
the midft of it’s progrefs, and it’s greateft rarefacti- 
on at the midit of it’s return. What proportion 
thefe rarefactions and condenfations bear to the 
- denfity of the air in it’s natural ftate, in every point 
of that {mall fpace through which a particle of air 
vibrates, fhall be fhewn in my next lecture, as alf 
the law of this vibratory motion. 
'. As the parts which go forward, do iff their pro- 
greffive motion ftrike fuch obftacles as they meet in 
their way, they are for that reafon called pul/es; and 
the fenfations which are excited in the mind by the 
ftrokes of thefe pulfes on the drum of the ear are 
called founds ; fo that founds as confidered in their. 
phyfical caufes, are nothing elfe but the pulfes of the 
air. In order therefore to explain the nature of 
founds, I fhall lay before you the chief properties 
of thefe pulfes. | 

The firft of which is, that they are propagated 
from the trembling body all around in a f{pherical 
manner. For though the parts of the body, by whofe 
Vibrations the pulfes are generated, do go and’ re- 
turn according to certain direCtions, yet forafmuch 
as every impreffion which is made on a fluid is pro- 
pagated every way throughout the fluid, whatever 
be the direction wherein it is made, the pulfes muft 
{pread and dilate, fo as to form themfelyes into 
concentric fpherical furfaces, or rather thin fhells, 
whofe common center is the place of the founding 
body. And hence appears the reafon why one 
and the fame found may be heard by feveral per- 
fons, though differently fituated with refpect to the 


founding body. . 
q saivaaeniceee “§ A fecond 
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Lect. A fecond property of the pulfes is, that they — 
XVII. grow lefs and lefs denfe as they recede from the - 
(rv founding body, and that in the fame proportion 
with the fquares of their diftances from the body. 
For whatever be the force wherewith the founding 
body aéts on the firft fpheerical hell of air, with the 
very fame force does that fhell aét upon the fecond, 
and that again upon the third, and fo on continual- 
ly; fo that the force which condenfes the air in the 
feveral fhells is given ; confequently, the condenfa- 
tions which it produces in thofe fhells; muft be in- 
verfly as the refiftances it meets with ; but the re- 
fiftances are as the fhells; and therefore, fince thofe 
increafe continually in the fame proportion with the — 
fquares of their diftances from the center, their — 
denfities muft decreafe in the fame manner, Ss 
~ By reafon of this diminution in the denfities of 
the pulfes, thofe which are farther removed from 
the founding body, make fligher impreffions on — 
the drum of the ear, than thofe which are lefs dif- 
tant; and hence it is, that founds grow lefs and lefs_ 
audible, the farther they go from the founding bo- 
dy ; and at certain diftances become fo weak as not 
to be heard at all. ah MESS 
~ A third property of the pulfes is, that all of them, 
_ whether denfer or rarer, move equally fwift, fo as 
to be carried through equal {paces in equal times, 
as I fhall demonftrate in my next lecture. — 

From this property it follows, that all founds, — 
whether they be loud or low, grave or acute, move 
equally fwift, the fofteft whilper making equal {peed 
with the noife of acannon, or the loudeft thunder- 
clap ; and it has been found by experiment, and I 

- fall likewife demonftrate in my next le€ture, that 
founds move at the rate of 1142 feet ina fecond of 
time or thereabouts ; for the velocity is not pre- 
cifely the fame in all feafons of the year, but is 
fomewhat greater in fummer than in winter, on ac- 
eount.of the heat which renders the air more. on % 
Q Gis i tic 
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cold winter feafon. . 

__A fourth property of the pulfes is, that all thofe 
which are excited by the vibrations of one and the 
fame body, are at equal diftances from one another. 
For fince each pulfe is excited by one fingle vi- 
bration of the founding body, and fince all the 

-pulfes move with equal and uniform velocities, it is 
mavifeft, that they muft fucceed one another at 
diftances proportional to the times of the vibrations; 
but the times of the vibrations of one and the fame 
body are all equal ; confequently, the intervals of 

the pulfes are fo too. And it muft be obferved, 
that the interval between two pulfes, which is by 
fome called the /ength, and by others the breadth of 


a pulfe, is that {pace through which the motion of 


the air is carried, during the time, wherein any 
one particle performs it’s vibratory motion in going 
forward and returning back. : 


On the intervals of the pulfes depend the tones of 


founds ; and here I muft obferve to you, that all 
the variety there is in founds, refpeéts either their 
Strength or their tone; with regard to their ftrength, 
“they are diftinguifhed into Joud and low ; and with 
refpect to their tone, into grave and acute, other- 
wile called flat and fharp. The ftrength of any 
found depends on the magnitude of the ftroke, 
which is made by a pulfe on the drum of the ear ; 
the greater the ftroke is, the louder is the found 
which it excites, and the weaker the ftroke, the 
Jower the found; and whereas all the pulfes move 
with equal velocities, the magnitude of the ftroke, 
and confequently the ftrength of the found, muft 
be as the quantity of matter in the pulfe ; that is, 
as a rectangle under the denfity and breadth of the 
pulfe; and fuppofing the breadth of the pulfe to 

be given, it muft be as the denfity. | 
_ The tone of a found depends on th¢ duration of 
aftroke; the longer a ftroke is which a pulfe makes 
Bre tf Hl estat on 


265 


tick in proportion to it’s denfity, than it isin the Lrecr, 


XVII. 
ie sad 


266 Or SOUNDS 4 3 
. Leer. onthe drum of the ear, the more grave is the 
XVII. found which it produces; and the fhorter the ftroke, — 
wry the more acute is the found ; but fince all the pulfes — 
move equally fwift, the duration of a ftroke muft — 
be proportional to the interval between two fuccef- 
five pulfes,; and of confequence, a foundis more or — 
lefs grave or acute in proportion tothe length of that 
intérval. Hence it follows, that all the founds 
from the loudeft to the loweft, which are excited by — 
the vibrations of one and the fame body, are of one 
tone. It likewife follows, that all thofe founding © 
bodiés, whofe parts perform their vibrations in equal 
times, have the fame tone ; as alfo, that thofe bo- 
dies which vibrate floweft, have the graveft or 
deepeft tone ; and on the contrary, thofe which vi- 
brate quickeft have the fharpeft or fhrillefttone. 
As there may be’an infinite variety in the times 
wherein founding bodies perform their vibrations, 
fo may there likewife in the tones of the founds 
which depend thereon ; and yet amidft this great 
variety, muficians acknowledge but feven principal _ 
notes in an oéfave; for though the eighth be requifite 
to complete the feven intervals in an o¢tave, yet are © 
there in truth but feven notes ; for that which is 
called the eighth, becomes the bafe or ground note 
in the next octave afcending; and as it ftands in — 
the limits of the two octaves, it is called the eighth 
with refpect to the bafe note below it, and the 
ground or bafe note with refpect to the 15th which 
is above it; which 15th is likewife the bafe in the 
next afcending octave ;. for by a repetition of notes, 
wherein the propoftions of the times of the notes in’ 
the firft octave are preferved, the octaves may be 
continued on both ways, afcending and defcending, 
_ and that in zxfinitum; and yet, notwithftanding this — 
infinite progreffion in the o¢taves, the number of 
harmonic founds is limited. Mr. Sauveur is of © 
opinion, that all the harmonic founds, that is, fuch 
founds as can be heard diftinétly and’ with esp | 
fe Lo) ae ola 


( 
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and in whofe tones a difference can be clearly per- Lz c T.. 
ceived by the air, lie within the compafs of tenoc- XVII 
taves ; as alfo, that all founds whatever, from the UW j—cuad 
_ loweft harmonic; found, to the higheft that the hu- 
man ear can well bear, are.contained within the li- 
mits of two octaves more. And if this be the cafe, 
it follows, that that body which gives the fhrilleft 
found that the ear can bear, makes 4096 vibrations 
in. the fame time that one vibration is performed by 
_that body which gives the graveft harmonic found ; 
for fince in every o¢tave, the time of the eighth is 
3 of the time of the bafe note, if } be raifed up to 
_. the rath. power, it will exhibit the.time of the 
fhrilleft found, that of the graveft being unity ; but 
_ the 12th power of +is the 4096 part of an unite ; 
-confequently, the time of the fhrilleft found that 
the ear can well bear, and likewife of the vibration 
which produces it, is to the time of the graveft 
harmonic found, and of the vibration whereby it is ' 
_produced, as 1 to 40963 but the times of the vi- 
brations of two bodies are inverfly, as the numbers 
_ of vibrations which they perform in a given time ; 
.confequently, the body which gives the fhrilleft 
found performs 4096 vibrations in the fame time 
that the body which gives the graveft harmonic 
found performs one ; and forafmuch as Mr, Sav- 
-veuR has found by fome experiments which he 
made on organ pipes, of which I fhall give you an 
account in my next lecture, that a body which 
gives the graveft harmonic found, vibrates 12 times 
_and an half in a fecond, the fhrilleft founding bo- 
dy muft, perform 51100 vibrations in the fame 
time; which argues great {wiftnefs in the vibrating 
parts; and yet, great as it is, it has nothing extra- 
ordinary or furprifing in it, if compared with the 
_ velocity of fome other ‘motions; for if we fuppofe 
the parts in each vibration to run throughafpace equa! 
.to the 10th part of an inch, though it is highly pro- 
bable,. that the lengths they.run are much» fhorter; 
1d S 3 | and. 
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Lec t.and if we fuppofe them to move with the fame veloci-_ 
XVII. ty during the whole tine of their motion; it follows, 
wry that they are carried at the rate of 425 feet and ten 
: inches 1ha fecond ; confequently, they dé not move | 
with much more than two third parts of the vélocity 
‘wherewith a ball flies from the mouth of acannon. 
The fifth and laft property of the pulfes is, that 
they may be propagated together in ereat numbers 
from different bodies, without difturbance or con- 
fufion ; as is evident from conforts, wherein the 
founcs of the feveral inftruments are conveyed dif 
tinctly to the ears of the audience » as they move _ 
along, fome of them coincide'and ftrike the drum — 
of the ear at one and the famé time, and thereby 
excite a fmooth and regular motion, that is pleafing ~ 
and agreeable; whilft others which do not mix 
and unite, at leaft not frequently, ftrike the 
car at different: inftants of time, and thereby 
difturb each other’s motions, fo as to render them 
‘harfh, grating, and offenfive. » And héfeon depends. 
almoit the whole of concords and difcords in mu- 
fick ; fuch founds, generally fpeaking, being deemed 
concords, as are excited by pulfés which have fre- 
quent coincidences ; and on the other hand, fuch 
founds being called difcords, as arife from pulfes 
which coincide but rarely. | as | 
‘The frequency or infrequency of the coincidences 
depends on the proportions which the intervals of 
the pulfes bear one to another ; as] thall thew you 
in relation to the feveral notes in an o€tave ; in do... 
ing of which, inftead of the pulfes and their inter- 
vals, I fhall confider ‘the vibrations of the bodies 
which excite the pulfes, and the times of thofe vi- 
brations ; becaufe the number of pullfes is always 
equal to the number of vibrations in the founding — 
bodies, and the intervals of the pulfes proportional 
to the times of the vibrations, 3 
__ If twovibrating bodies begin their motionstogether _ 
and vibrate in equal times, it is manifeft, that their vi- _ 
bein if brations 
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brations muft keep pacetogether; andconftantly co- Le c t. 
incide. Butif the vibrations be performed in unequal . XVII. 
times, itis plain, that they cannot conftantly keep “v= 
pace together 5 for which reafon fome of them on- 

ly will coincide ; and which thofe are may be de- 
termined from the times of the vibrations; for fince 

the numbers of vibrations, which are performed in 
a given time, are inverfly as the times of the vibra- 
tions, if the numbers which exprels the-times of the 
_ vibrations of two bodies be taken reciprocally, they 
will exhibit the coincident vibrations of the refpec- | 
tive bodies. For inftance, if the time of: the vi- - 
brations of one body, be to the time of the vibra- 
tions of another, as 8 to.9, which is the cafe of 
two bodies, whereof one founds a fecond or tone 
major to the other, every sninth vibration of the 
former coincides with every height of»the latter. 
So again, if the times of the vibrations be to one 
another, as.5 to. 6, which is the cafe, where one 
body founds a leffer 3d to the other, every fixth vi- 
pration.of the former falls.in with every fifth of 
the latter, , 

In this fcheme, Ihave . } Kzght. 
fet down thofe fractional +; Greater feventh. 


W fre 


| 


rs 

numbers which exprefs' 4 Leffler fevenib. . 
the proportions that the 4 Greater fixth. 
times of the vibrations of . 4 Leffer fixib. 

thofe bodies, which found, } fifth... 

the feveral notes in an 4 Fourth. 
ogtave, bear to the time 4 Greater third. 
of the vibration of that 4 Leffer third. 
body..which founds the ..5 Second or tone major. 
bafe note ; by, the help, o:4) Bajfe. note. o |. 


_of which numbers. the} ¢o-)\:j979 }e09 ¢ 9020 
incident vibrations may be readily difcovered. For 
in each fraétion, the denominator exhibits the CO- 
inciding vibration of .that; body, which-founds the 
note, ‘and the numerator the coinciding vibration of 
the body which founds,the bafé note: > : 
any | S 4 Having 


270. 


Or ELASTICK STRINGS. 


Lecr. >Having thus explained the nature and "properties - 
XVII. of found, I come now to give you an atcount of — 
t-—-~—— the vipraTions of Musicat Srrines, and to 


Pl. 7, 
Fig. 13. 


_ under the tending force, and the line CD, applied 


fhew you in what proportions the times ‘of the vi-- 
brations are varied, by varying the length, thick- 
nefs, or tenfion of the ftrings; and.in order there- 
to, I fhall lay down the following Proposition. | 


Let an elapick firingas AB, faftened at A, and 
paling over a {mall pin or pulley at B, be Stretched by 
‘an appending weight as P,: (which Ifball call the tend- 
ing force ;) and by a force applied at the middle point 
C, (which I fhall call the infecting force,) let it be 
drawn into the pofition ADB); if the diftance between 
C and D be exceedingly {mall in proportion to the length - 


of the firing, ov, to fpeak in the mathematical phrafe, 


if CD bea najcent quantity, the infleGing force will 
be meafured by a rettangle under the [pace CD, and 
the tending force applied to the length of the firing. 
For fince the tending force aéts upon the ftring in 
the direétion DB, it may. be denated ‘by that line, 
and being fo denoted, it may be refolved into two } 
forces, whereof one acts in’ ‘pulling the ftring hori- 
zontally'in the diré@tion CB, and is therefore to be 
exprefled by CB ;'.whilft the other acs in drawing 
the ftring\ perpendicularly upward from D towards 
C, and is therefore to be exprefled by the line DC ; 
fo that that portion of the tending force which aés 
in moving the ftring upward, is to the whole force, 
as DC.to DBs ov, becaufé’ Dand C are {uppofed 
to be indefinitely near, as DC to CB: but the 


force which aéts in drawing the {tring upward, is 


equal to thesinflecting force, becaufe they balance. 
each other ; confequently; the inflecting’ force is to | 
the tending forcey!as CD to'CB; and turning this 
analogy into an equation, by multiplying the ex- 
tremes and means, and’ then dividing by CB, we 
fhall have the inflecting force equal to a rectangle 
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to half the length of the ftring 5 and therefore,.Le ct. 
forafmuch as whole quantities are in proportion as XVII. 
their halves, the inflecting force'willbe as a rectangle —~w— 
under the tending force and the line CD, applied to 
the Jength of the ftring; fo that putting F for,the 

inflecting force, P for the tending force, S for the 
jine CD, and L for the length of the ftring, F is as 
a, Hence it follows, that if P and L, that is, 
if the tending force and length of the ftring be 
_ given, the inflecting force ts as the line CD, as will 
appear from the. following experiment. 
Let a {mall brafs wire three feet long, faftened Exp. 2. 
_ atone end, and paffing over a pin fo as that when 
ftretched it may be in an horizontal] pofition, be 
tended by a weight of three pounds; and let half 
an ounce, and an ounce, be appended fucceffively 
to the middle of the wire; in the former cafe, the 
_.point.of fufpenfion will be drawn down -,th parts 
of an inch, and in the latter.,%,ths. 
Since the force which inflects a ftring of a given 
‘length, and tended by a given force, is as the {pace 
CD, through which the ftring is bent; the force 
_ wherewith the ftring reftores it felf; muft likewife 
‘be as CD,-becaufe the reftitutive force is in all 
cafes equal to the inflecting force; confequently, » 
the point D is carried-towards C, by a force that 
varies with the diftance ; and therefore, what- 
ever be the diftance at which it begins it’s mo- 
tion, the time wherein it arrives at C will ftill be 
the fame; as I proved in my lecture on the pen- 
_-dulum:. Whence it follows,-that the vibrations 
of one and the fame ftring, whether they be through 
Jarger or fimaller fpaces, are all performed in equal 
‘times. bis | 
~- If L and § be given, Fis as P; that is, if the 
length of the ftring, and the fpace through which it is 
bent be given, the infle&ting force is as the tending 
_ force; or, in other words, one and the fame ftring, 
th being 
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Lec tT, being tended by different forces, will upon thé in _ 

XVII. flexion be drawn down equal {paces by infleéting — 

t—-—— forces, which are to one another in the fame pro- — 
portion with the tending forces. iaysbasl 


Exp. 3. Let the fame wire as before be tended’ by a 
weight of fix pounds, and it will require one ounce — 
\to draw it down “ths of an inch, and two ounces — 
to draw it down +,ths; whereas, when it was — 
tended by a weight of three pounds only, it was — 
drawn down the fame {paces by half an ounce,'and — 
~an ounce. — beialapbibed I \oobidesh MS sb lla 
If Pand S be given, F is.as 7-3 that is, if the 
force which tends the ftring, and the fpace through 
-which it is-bent be given, the inflecting force is in- 
 verfly as the length of the ftring; or, in other 
words, if ftrings of different lengths be tended by 
equal forces, they will be drawn through equal 
fpaces by inflecting forces, which are to one another 
inverfly as the lengths of the ftrings. - r 


Exp. 4. ~. Let a fmall_brafs wire a foot and an half long 
be tended by a weight of three pounds, and it will — 
require an ounce to bend it down 4#,ths of an inch, 
‘whereas half an. ounce was fufficient to give the — 
fame bent to the wire which was of a double length, © 
sand under the fame tenfion. .»... 


- putting M for the motion, F for the reftitutive | 


yaw 3 
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FT ; but the motion is as'the quantity of matter Lz cr. 
moved into the velocity wherewith it moves ; and XVII. 

' in this cafe, the quantity of matter is as a produgt a 
under the length of the ftring, and the fquare of 

it’s dianieter; wherefore; putting D, L, and V, to 

denote the diameter, length, and velocity, FT is 

as D*LV; and dividing both fides by FP, T is as 

D*LV 


3 but the reftitutive force of the {tring be- 

ing equal to the force which inflects it, and that 
SE > 

having been proved to be as-j—, wherein S denotes 


| the fpace through which the {tring is bent, P.the tend- 
ing force, and L the ee of the ftring ; if inftead 


of F we fubftitute wh > > Ll will be as—- — bie. 
_ but the velocity applied to the fpace is invertly ds 


I 
the time, that 1 is, a is as 3 and therefore, i in- 


ftead of that, fubftituting this, and multiplying. 
D2 2 
both fides by T, we shall have T’, as —S 3 


L DL 
_ and therefore, extracting the root, Tis as Pz “57 5 


that is, the time of a vibration, is as a rectangle 
under the diameter and length of the ftring, applied 
to the fquare root of the tending force. 
Hence it follows, that if D and P be given, T 
is as L,; that is, if the diameter of the ftring and 
the tending force be given, the time of. the vibra- 
tions varies with the length of the ftring ; as is ma- 
nifeft from the divifion of the monochord, wherein 
the parts of the chord which found the feveral notes 
in an octave, have the fame proportions to the whole 
chord, that the times of the refpective notes have Exp. 5. 
to. the time of the bafe note; as for inftance, one 
biecd of the chord founds an octave to the ee 
whole 
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XVII. and 4 of the chord found a fifth, the time whereof 


IV 
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H 2 be is 
. whofe time is one half of the time of the bafe note; 


is ¢ of the time.of the bafe note, and fo of all the 
ret. | | | 


c 


as 
oi 
' 
a 
; 
. 


If P and L, be given, then Tis as D; that is, 
f the tending force and length of the {tring be — 
given, the time of the vibration is as the diameter. : 
of the ftring; as will appear, if two wires of equal — 
Jengths be tended by equal weights, the diameter _ 


of one being the goth part of an inch, and that 


found an octave to the latter.; 


of the other the 45th part; for the former will 


a - => 


If D and L be given, then T is inverfly as the ' 


fquare. root of P; that is, if the diameter and 
Jength of the ftring be given, the time of the vi- 


force ;.as will appear, if eleven wires equal as to 
‘length ‘and thicknefs: be tended by weights, whofe 


Bie mie 


- bration is inverfly as the {quare root of the tending — 


{quare roots are to one another inverfly as.the times _ 
of the notes, in an oétave; for the wires fo tended 


-will found the refpective notes. 


obs 240 
Greater Seventh —— — 21074 
. beffer feventh - 5 ———.. £1942 
Greater fixth.  ——-. . 4. — 1662 
_, Lefer fath  —  — —— 5 — 1533 
‘oe Lourth = —— ——-  3.— 1063 
one Greater third *+— 933 
«Lefer third —— —— + — 86% 
_. Lone major, or fecond —~ #% — ots 
pet Baje note - ~——-91,—. 1 60 


“In the left hand column of this table, the num- 


“bers exprefs the times of the feveral notes; and the — 
numbers in the right hand column, exprefs the — 


weights in ounces, whereby the wires which found — 
* fh OS aeba we Le mets A ane a p haere & ae! . . a 
the refpective notes are tended’; the {quare roots of — 
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which. weights are to one another inverfly as the 
times of the refpective notes ; as for inftance, the © 

weight which tends the ftring that founds the — 
oftave, is to the weight whereby the ftring that 
founds the bafe note is tended, as 4 to 1, whofe 
fquare roots are as 2 tol, that is, inverfly as the _ 


time of the oétave, to the time of the bafe note; 
and fo of all the reft. | 


Le Ce TEULR Bocek Ve 
Or tHE MoTION or SOUND. 


JN my Iaft lecture, wherein I treated of that mo- Le cr. 
| tion of the air, which is productive of founds, 1 XVIIL 
fhewed you, that each particle of air in going for. ~~ 
ward and returning back, is twice accelerated, and 
~ dsoften retarded ; but I did not then enquire into 
~ the law of that acceleration and retardation. I like- 
wife told you, that all the pulfes of the air move 
equally fwift, the demonftration of which I pro- 
mifed to give you in this lecture. 
Now, Sir Isaac Newron, having in a moft 
elegant manner, in the 47th Propofition of the Se- 
cond Book of his Principles demonttrated, that each 
particle of air, during it’s vibratory motion, is ac- 
- celerated and retarded, in the very fame manner as 
a pendulum vibrating in a cycloid; and having 
likewife, in the 49th and 50th Propofitions of the 
fame book, determined the velocity of found, I 
~ fhall in this lecture lay before you what he has faid, 
in relation both to the one and the other, in the 
cleareft light that I am able. | 
- As to the firft, let the line AB denote the length py, g. 
_of a pulfe, or that fpace through which the motion Fig. r. 
of the air is propagated, during the time that a par- 
ticle performs it’s vibration, by going forward and 
returning 
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Leer. returning back ; and let E, F and G, be three par- 
XVIII. ticles, or phyfical points of air fituated in the right 
tne line at au diftances, and at reft; and let EO. 


FR, and GT, be three equal, but exceedingly fhort. 
{paces, throygh which thefe particles eo and return 
in their vibratioss ; which fpaces, though they be 


here taken of fome length, to avoid confufion in the 


‘fcheme, are in reality fo exceedingly fmall, as to 
-bear no proportion to AB, the length of a pulfe, 
Let x,y, and z denote any intermediate points,. 


in which the particles are found during their motion — 
forward or backward. Let EF, and FG be fmall 

phyfical lines, or little portions of air, Situated in 
{trait lines between thofe phyfical points; which 
lines are fucceffively moved into the places xy, yz, _ 
and QR, RT. Let the right line PS be drawn 
equal to EQ, and on that line asa diameter, let 


~ the circle SIPi be defcribed ; and let the circumfe- — 


rence of that circle denote the time of the vibrati- 
on of a particle, and the parts of the circumference, 


the proportional parts of the time; fo as that after 


any time as PH, or PHSh, if right lines as HL, 
and hl be drawn from the points H and h perpen- 
dicular to SP, and Fx be taken equal to PL, or 
Pl, the particle E may be found at x. By this 
means the particle or phyfical point E, in moving 
forward through x to Q, and thence back again 
through x to E will be accelerated and retarded, in 
the fame manner with a pendulum vibrating ina cy- 
cloid ; inafmuch as in my le€ture on the pendulum, | 
I fhewed you, that the {paces defcribed by fuch a _ 
pendulum, and the times of defcribing thofe {paces, 
are (as we have now fuppofed them to be in the 
cafe of the air’s motion) as the verfed fines and 
arches of a circle, whofe diameter is equal in length © 
to the whole cycloid. be eg ae 
Now, in order to prove that the feveral little por- 
tions of air are agitated in the forementioned manner — 
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. by their elafticity, which in this cafe is the true Lec T: 
moving caufe, let us fuppofe them to be fo moved XVIII- 
by fome caufe or other, be that caufe what it will ; -~—~ 
and their elafticity will be found to be fuch in eve- 

point of their progrefs and return, as mult of 
neceflity produce in them the fame degrees of ac- 
celeration and retardation, that gravity does in a 
pendulum vibrating in a cycloid. , 

In the circumference of the circle, let the equal 
arches HI and IK, or hiand ik, be taken, bear- 
ing the fame proportion to the whole circumference, Pl. 8. 
that the little right lines EF and FG, do to AB the Fig. t. 
Jength of a pulfe; and drawing the lines IM and Fig. z. 
KN, or im and kn perpendicular to PS, inaf- 
‘much as the points or particles E, F and G, are 
‘moved in the fame manner fucceffively one after . 
another, the motion beginning with E, and each of 
them performs it’s intire vibration, in going for- 
ward and returning back, in the fame time that the 
motion is propagated through a fpace equal to AB, 
the length of a pulfe; if PH or PHSh denotes the 
time from the beginning of E’s motion, PI or 
PHSi, will denote the time from the beginning of 
F’s motion; and in like manner PK, or PHSk, 
will denote the time from the beginning of G’s 
motion. And if the points E, F and G be found 
atx, y and z; the lines Ex, Fy, and Gz, in the 
firft figure, will be refpectively equal in the fecond, 
to PL, PM, and PN, in the progreds of the points ; 
and in their return, equal to Pl, Pm, Pn, thofe be- 
ing the verfed fines of the arches which denote the 
times. Whence it follows, that xz, which is equal to Fig. 1. 
the difference between Ex, and the fum of EG and 
Gz, is in the progrefs of the ‘points, equal to 
EG—LN, and to EG+1n in the return; but xz.is 
as the expanfion of the little portion of air KG, 
when it is in the place xz; confequently, that expan- 
fion is to thé mean ordinary expanfion, or that 
expanfion which it has when at reft before it is put 
| inte 
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L.: ¢ 7. into it’s vibratory motion, as EG—LN, to EG, 
AVIIL when that portion of air in going forward is found 
“—v—~ in the place xz; and it is as EG-LIn; or, be- 
caufe LN and In are equal, as EG_-_LN, to EG, 
when the portion of air in returning back, is found. 
pig, in the fame place. Let now ID be drawn from 
Fig. 2. | the point I, perpendicular to HL, and the nafcent . 
. triangle FID, will be firnilar to the triangle OIM, 
becaufe the angles at D. and M are right ones, and 
the angles at are equal, as being each of them the 
complement of one and the fame angle DIO, toa 
right one; confequently, DI, or its equal LM, is 
to HI, as IM to the radius OI, equal to OP; and | 
double LM equal to LN, is to double HI equal to 
’ . HK, as IM to OP; and by the conftruétion, HK 
is to EG, as the circumference of the circle, to AB; _ 
or putting R for the radius of a circle, whofe cir- 
 cumference is equal to AB, as OP to R; whence 
reducing thefe two analogies into equations, we fhall 
IN IM ve h P ca 
HK = Op and EG Tut de ; wherefore, 
multiplying thefe equations together, we fhall have 
an =—R > and refolving this into an analogy, 
we fhall have LN: EG:: IM: R; and of 
courfe, by fubftituting IM and R, in the places of 
LN and EG, the expanfion of the {mall portion of 
air EG, or of the phyfical point F, when in the 
place xz or y, is to it’s mean ordinary expanfion, 
as R—IM to R, in it’s going forward, and as 
R-+ im, to R, in it’s returning ; and forafmuch as. __ 
it’s elafticity is inverfly as it’s expanfion, it’s elaf-. 
ticity when at the point y, is to it’s ordinary 


oe I Disrgins | | 
elafticity, as. R—Im t° 7 in it’s progrefs, and 


TP i ee , a wie I I é 
init's regrefs in the fame point, as Ray to Rs 
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and by the fame way of arguing, the elaftick forces Luc T: 
of the phyfical points K and G, when in going for- XVIII... 
ward they are foundat x and z, will be to their ors — ~-—~ 


di » elatti a + ock d I I 
linary elafticity, as p—7qp> AMIR EWN 9 
and by fubducting the latter of thefe quantities from 
‘the former, the difference of thofe forces will be as 
HL—KN Ly we 
R—RxHL-RxKNFHLXKN ° RO 
rejecting all the terms of the divifor except the firft, _ 
as being indefinitely fmall with refpect to that, as 
HL—KN I Let ; 
Re C8 FR multiplying both fides by 
_R’, as HL—KN to R ;: but forafmuch as R is.a 
given quantity, HL—KN is as unity ; confequent- 
ly, the difference of the forces isas HL—KN. But - 
from the fimilarity of triangles; HL—KWN is to 
HK, as OM to OI or OP; confequently, fince 
HK and OP are given, HL—KN is as OM ; or, 
. becaufe SP and EQ are equal, if EQ be biflected in 
C, as cy. And by the fame way of reafoning, the 
difference,of the elaftick forces of the fame points, 
when in their return they are found at x and z, is 
_as the fame cy ; but that difference, or the excefs 
of the elaftick force of the point x above the elaf- 
tick force of the point z, is the force by which the 
ittle line or portion of air xz, which lies between 
thofe points is accelerated in it’s progrefs ; and on 
the other hand, the excefs of the elaftick force of - 
the point z above that of the point x, is the force 
by which the fame little line or portion of air is ac- 
celerated in it’s return; fo that the force by which 
that little portion is accelerated, is every where as it’s 
diftance from C, the middle point of it’s vibration ; 
confequently, during it’s vibratory motion, it muft 
be accelerated and retarded in the fame manner with 
a pendulum vibrating in a cycloid ; inafmuch as I 
_ proved in my Icéture on the pendulum, that the 
- ES force 
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force which agitates the pendulum in the foremen- 
tioned manner, is every where as it’s diftance from 
the middle or loweft point of the vibration. And 
what has been thus proved of the little portion EG, 
is in like manner demonftrable of every other little 
portion of air, through which the motion is pro- 
pagated. dnd . 

As to the velocity of found, or what amounts to 
the fame thing, of the pulfes of the air, ifa pendulum 
be made equal in length to the height of an homo- 
geneal atmofphere, whofe weight is equal to that 
of our atmofphere, and it’s denfity the fame with 
that of the air at the furface of the earth; which 
heightis, as I fhewed you in a former leéture, equal 
to 29725 feet, and which I ‘hall now denote by 
the letter H ; in the fame time that fuch a pendu- * 


_ - lum performs an intire vibration by going forward 
and returning back, a pulfe of the air will move 


Pl. 8. 
Fig, 2. 


through a {pace equal to the circumference of a circle 
defcribed with the radius H. For if the little por- 
tion of air EG, vibrating through a fmall {pace as 
PS, be acted upon at P and S, the extremities of the 
{pace through which it vibrates by an elaftick force _ 
equal to it’s gravity, it will perform it’s vibrations in 

the fame time that it would inacycloid whofe lengthis 
equal to PS; becaufe equal forces muft of neceffity 
move equal bodies through equal {paces in equal times. 
Since then, the times of vibrations are in the fub-— 
duplicate ratio of the lengths of the pendulums, — 
and the length of any pendulum is equal to half of 
the cycloid, wherein it vibrates ; the time in which - 
the {mall portion of air would vibrate by the force — 
of it’s gravity in a cycloid equal in length to PS, 
muft be to the time of the vibration of a pendulum 
whofe length is H, in the fubduplicate ratio of PO’ 
to H. But the elaftick force which aéts upon the 
httle portion of air in the extreme points P and S, 
was proved to be to it’s whole or ordinary ee ; 
si | Aa force” 
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force, as HL—KN to R ; that is, in the cafe be- Lz et: 
fore us where the point K coincides with P, as XVII. 
HK to R; for upon the coincidence of K and P) arrow 
KN vanifhes, and HL, which in this @afe is their 
difference, becomes the fine of HK; and equal to | 
it, inafmuch as HK isa nafcent arch. And the 
_ whole elaftick force of that little portion of air, or — 
which is the fame thing, the weight which com- 
preffes it; 1s to it’s own weight; as thé height of the 
homogeneal atmofphere or H, to the {mall line 
EG ; whence putting e to denote the elaftick force: 

_ which agitates the {mall portion of air in the extreme 

points of it’s vibration P and ’S, and w for it’s 

weight, W for the whole elaftic force; or the weight 

_of the compreffing atmofphere, and reducing the 

_ two laft analogies into equations; we, fhall ‘have 

HK e Wiki Pek pig pen bewly wae oi bboto 

Rm = wand F = KGs whence multiplying the 
two middle terms together, and likewife the ex. 
piss Zi AF Sith csigaatins 2 loa Shope pees obi 
tremes, we fhall have = = RekG? and by fub- > 

ftituting PO and R for HK and EG, ‘to which 

: ach that 


, 2 Za A ees aeons tet: 
they are proportional, =is equal. ein ide 
is, by refolving this equation into an analogy, the 
-€laftick force which agitates the little portion of air 
in the extreme points of the fpace through which it 

vibrates, is to it’s weight, as POxH to R* 3 fince 
then, from the nature of motion, the times wherein 

equal bodies are moved through equal fpaces, are re- 

ciprocally in the fubduplicate vaio of the moving 
forces, it follows, that the time wherein. the little. 
portion of air performs it’s vibration by vertue of 

the claftick force denoted by e, is to the time 

whereia it can vibrate through an equal {pace by thé 

force of it’s gravity, in the fubduplicate ratio of R* 
to POxH, and of courfe, to the time of the vi- 

bration of a pendulum whofe length is H, ina rasio 

i 2 he. com-= 
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J. z c T. compounded of the laft mentioned ratio, and of thé 
XVIII. tubduplicate vatioof PO to H; that is, asR’xPO to | 
ten H’xPO; thatis, by dividing by PO, and extraét-_ 

ing the fquare roots in. the imple ratio. of R to H. 
’ But in the time that the little portion of air per- 
- forms one vibration by going forward and returning © 
back, the pulfe is carried through afpace equal to AB; 
-confequently,. the time in which a pulfe moves from _ 
A to B, is td the time in which a pendulum whofe _ 
length is H, fwings forward and backward, as R 
to H, or as BC, the circumference of a circle whofe 
radius is R, to the circumference of a circle whofe — 
radius is 1; but the time of the pulfe’s: motion — 
from A to B, is to the time in which it. moves — 
through a {pace equal to the circumference of a _ 
_ circle whofe radius is H, in the fame proportion ;_ 
wherefore, in the fame time that a pendulum whofe 
length is H, {wings forward and backward, a pulfe 
will move through a: fpace equal to the circumfe- 
rence of acircle whofe radius is H, which was the 
thing to be proved. i Ane 
As a Corollary it follows, .that: the. pulfes move — 
with fuch a. velocity as a heavy body acquires in 
falling down half the height denoted by H 3; for in 
the fame time with the fall, they. will-with a velo- 
city equal to that acquired by the fall, defcribe a 
fpace double that of ‘the fall, that is, a {pace equal — 
to H; and of confequence, in the time that the — 
pendulum vibrates forward and backward, they 
willrun through a {pace equal to the circumference 
of acircle whole radiusis F1. For, in my lecture on 
the pendulum, I fhewed you, that the time of the | 
fall through half the length of the pendulum, is to the 
time of one vibration, as the diameter of a circle, — 
to it’s circumifererice ; and ‘of courfe, to the time of 
a double vibration, as the radius to the circumfe- 
rence. Since then it has been’ proved, that the | 
pulfes ‘move with fuch a velocity as carries them 
through a fpace equal to the circumference of a ie 
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_whofe’radiut is H, in the fame time that'a pendu- Lc T. 
lum whofe length is H, performs a double fwing ; XVII. 
and fince it appears that the velocity acquired by a yd 
heavy body in falling down half the height Hy 
will carry the pulfes through the fame fpace in the 
fame time, it is manifeft, that they move with 
that velocity. oa) 
~ Asa fecond Corollary it follows, that the velocity 
of the pulfes is in a ratio compounded of the fubdu- 
plicate’ ratio of the air’s elafticity directly, and 
of the fubduplicate ratio of it’s denfity inverlly ; 
for fince the velocity wherewith they move, 1s fuch 
as a body acquires in falling down half the height 
Hy, and fince the velocities acquired by falling bo- 
dies, are in the fubduplicate ratios of the heights. 
_ front which they fall, it is manifeft, that the velo- 
city of the pulfes is as the fquare root of H, but 
the height H is dire@tly as the air’s elafticity, and 
inverfly as it’s denfity ; confequently, the velocity 
of the pulfes is in the fubduplicate ratio of the air’s 
-elafticity direétly, and the fubduplicate ratio of it’s 
denfity inverfly. Whence it appears, that the veloci- 
ty of the pulfes is given, forafmuch as, ceteris pa- 
‘vibus, the elafticity is as the denfity. In the winter 
time indeed, the motion of the pulfes is fomewhat 
flower than in fummer, becaufe the coldnefs of that 
feafon does in fome meafure weaken the elafticity, 
and at the fame time increafe the denfity. From 
what has been faid, the {pace through which found 
moves in any given time, may readily be determin- 
ed ; for fince it is known by experience, that a pen- 
dulum 39 inches long, performs a double vibration 
by going forward and returning back in two feconds 
of time, a pendulum whofe length is H, that is 
29725 feet long, will perform a like double vibra- 
tion’ in 190% feconds ; confequently, in that time 
found will move through a {pace equal to the circum- 
ference of a circle whofe radius is 29725 feet ; that 
is, it will move through 186768 feet, which being 
rye » 4% 3 : dii- 
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Le cT. divided by 1903, givesa quotient of 979 feet, for 
XVIII. the fpace through which found moves in one fecond 
y™ of time. But it muft-be obferved, that in this com- 
“" putation no regard has been had to the thicknefs of 
the folid particles of air, through which found is pro- 
pagated in an inftant; if that therefore be allowed _ 

for, the velocity of found will come out greater in 

the proportion of about ten to nine; for fince the : 
{pecifick gravity of air is to that of water, as x ta 

$70, if we fuppofe the particles of air to be equally — 

denfe with thofe of water, and that the greater ra- 

rity of air is owing to the greater interval between 

it’s particles, it follows, that that interval is. about 

nine times as great as the diameter of a particle ; 

_ confequently, atenth partof the fpace through which - 
found is propagated is poffeffed ‘by the particles of 
air; if therefore to 979 feet, which is the {pace 
through which found would move ina fecond, in cafe | 

the particles of air had no magnitude, we add a 

ninth part, or 10g feet more on account of the 
thicknefs of the particles, we fhall have 1088 feet for 

the fpace through which found is carried in a fecond 

of time. Befides, as there are vapours difperfed 
through theair, which being of a different tone and 
elafticity; do not partake of that motion of the 

true air by vertue whereof found is propagated, | 

the moving caufe having on that account fewer par- 

ticles of matter to agitate, mutt of neceflity give 

them a greater velocity ; and from the nature ‘of F 
motion it is evident, that the velocity will be great- 

er in the inverfe fubduplicate ratio of the quantity — 

of matter to be moved ; that is to fay, if we fup- — 

pofe the atmofphere to confift of ten parts of true 

air, and one part of vapours, the motion of found — 
will be quicker in fuch an atmofphere, than in an 
atmofphere confitting intirely of true air, in the fub-_ 
duplicate ratio of 11 to 10, or in the fimple ratio of 
about 21 to 20. If therefore the velocity laft found 

be augmented in that proportion, we fhall have © 
OR a a I eee 
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1142 feet for the fpace through which found moves Lect. 
in one fecond of time ;.and this agrees with the XVIII. 
moft accurate experiments that have been made, —“~—~ 
for difcovering the velocity of found. 

The fpace through which found moves ina fecond 
of time being thus difcovered, the length of the 
pulfes excited by the vibrations of a founding body 
may likewife be found, provided the number of 
vibrations performed by the founding body in a 
given time, can by any method be determined ; for 
fince each vibration excites a new pulfe, all that is 
requifite to be done, is to divide 1142 by the num- 
ber of vibrations which the founding body performs 

‘in a fecond, and the quotient will exprefs the length 
of a pulfe in feet. Now, the number of vibrations 
_which a founding body performs ina given time, | 
has been determined by Mr. SauvEur, in the fol- 
lowing manner ; ‘ Muficians having frequently 
“ obferved, that if two organ pipes which are near- 
«« ly unifons, be made to found together, there are 
“ certain inftants of time, and thofe, as well as 
« they can be judged of by the ear, at equal inter 
vals, wherein their joint found is ftronger, than 
«inthe intermediate times.” This Mr.Sauveur, 
with great appearance of reafon, thinks is owing to 
the coincidence of their vibrations at thofe inftants 5 
for when by the coincidence of their vibrations, 
they ftrike the ear at one and the fame inftant, 
they muft needs make a ftronger impreffion upon 
. it, than when they ftrike it feparately one after ano- 
ther. Taking this for granted, he, by the help of 
a pendulum, took the time between two fucceffive 
coincidences in the vibrations of two pipes of con- 
fiderable lengths, and nearly of the fame tone; he 
made choice of long pipes, becaufe the coincidences 
of their vibrations are rarer, and confequently, the 
“Gntervals between the coincidences are more eafily 
meafured, in long pipes than in fhort ones. Hav- 
ing thus found the time which pafled between two 
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Lec rt. fueceffive coincidences, he’ readily found the num- 
XVIII. ber of vibrations performed by each pipe in the 
way {fame time, they being inverfly as the numbers ex- 
prefling the proportion of the tones of the pipes; as 
for inftance, if the time between two fucceflive co- 
incidences. was found to be the fixth:part of a fe- 
cond, and the numbers which expreffed the propor- 
tion of the tones of the-pipes were 45 and 46, the 
longer pipe performed 45 vibrations, and the fhort- 
er 46, in the fixth part of a fecond. From théfe 
experiments he found, that a pipe, whofe length 
- was about five Parifian feet, had the fame tone 
with a ftring that vibrates an hundred times in a fe- 
cond ; confequently, of the pulfes excited by the 
founding of fuch a pipe, there are about one hun-. 
dred in the fpace of 1142 Englifh, or 1070 Parifian 
feet ; and of courfe, the length of one pulfe is about. 
10 Parifian feet and .3,ths, that is about twice the 
length of the pipe ; whence it is probable, that the 
lengths of the pulfes excited by the foundings of 
open pipes, are in all cafes equal to twice the length 
of the pipes. tbe fa. 
In a former lecture, fpeaking of the increafe 
which motion received by being communicated 
from a fmaller elaftick body to a larger, I took oc- 
cafion to give a reafon for the augmentation of 
found in fpeaking trumpets ; [ fhall clofe this lec- 
ture, by acccounting for it from the nature of the 
-pulfes of the air. _ From what has been faid in rela- 
tion to the properties of thofe pulfes, it is manifeft, 
that the greater their condenfation is, the ftronger 
is the found which they excite ; now, when the 
voice acts upon a portion of air confined within a 
trumpet, it muft neceflarily make a ftronger im- 
preflion upon it, and of courfe condenfe it more, 
than when it ats upon it in.anunconfined ftate; inaf- 
much as in the former cafe, the force of the voice is 
wholly imployed in giving motion to that {mall por- 
tion of air which lies within the trumpet, whereas 
; “Sm & In 
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in the Jatter cafe, not only that portion of air is put | 
in motion by the force of the voice, but likewife all 
that body of air which immediately furrounds it; - 
the air then in’ the trumpet being by reafon of 
it’s confinement, more ftrongly agitated and more - 
clofely condenfed, than it would otherwife be; - 
muft at the exit of the trumpet, communicate to 
the air without greater degrees of condenfation ; and 

of confequence, produce a louder found, than could 
poflibly be excited by the fame force of the voice, 

were it immediately impreffed on the unconfined 
air. 
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¥ IGHT, whereof I intend to treat in thist.p¢-7, 
lecture, is a moft fubtile fluid, confifting of x x, 

_ particles exceedingly fmall, but of different magni- U-~— 
tudes, as fhall be fhewn hereafter, which are thrown 
off from luminous bodies by the vibrating motions 
of their parts, with a velocity furprifingly great ; 
- for they do not fpend above feven or eight minutes 
of an hour in paffing from the fun to the earth, as 
was obferved firft by Mr. Romer, Profeffor of 
- Aftronomy to the late King of France ; and after 
him by others, by means of the ecip/es of the fatel- 
lites of JuriteR; for thefe eclipfes, when the earth 
is between the fun and Jupiter, are obferved to 
happen about feven or eight minutes fooner than 
they ought to do by the aftronomical tables ; and 
on the contrary, when the earth is beyond the fun 

with refpect to Juptrer, they happen about feven 5 

or eight minutes later than they ought to do ; fo : 
‘that in the latter fituation of the earth, they are ob- 
ferved to happen’ fourteen or fixteen minutes later 
than in the former ; forafmuch therefore-as the sid 
GOTO 1tés 
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XIX. the eye of an obferver, till all that light which they 
“reflect before their immerfions has paffed by the 


Pl. $. 
Fig. 3. 


place of obfervation, it follows, that the reflected — 


light of the fatellites {pends fourteen or fixteen mi- 


nutes in paffing from one end of the diameter of _ 


the earth’s orbit to the other; and confequently, 
half that time in moving from the fun to the earth, 


‘Hence, if the diftance of the fun from the earth be 


7° millions of miles, as it muft be on fuppofition 
that it’s horizontal parallax is twelve feconds of a 


degree, and fuch the moft accurate obfervations of 
the lateft aftronomers make it; then light moves — 


at the rate of about 150 thoufand miles in a fecond 


of time, and it’s velocity exceeds the velocity of _ 
found, in the proportion of above feven hundred 


thoufand to one. 
The motion of light is in it’s own nature reétili- 


neal, as is evident from the fhadows which all opaque _ 


bodies caft when placed in the light of the fun, or of 
any. other luminous body; and yet the beams or 
rays of light in paffing out of one tranfparent 
body or medium into another of a different denfity, 
are bent and turned out of their way ; or to {peak 


more properly, they are made to change the direc- 
tion of their motion ; and this bending or change 
of direction is commonly called refraéfion; and it , 
has been found by experience, that the rays in paf- 


fing out of a rarer medium into a denfer, are bent 
in fuch a manner as to be brought nearer to a line 


drawn perpendicular to the refracting furface at the _ 
point of incidence; and on the contrary, in their 
paflage out of a denfer medium into a rarer, they — 


decline from the perpendicular. wom mg 
For the illuftration of which, Jet AB reprefent 
a'ray of light moving in air from A to B, and pat 


fing into water at B, and let HK be perpendicular . 


to the furface of the water at the point B; when 
the raygoesinto the water, it does not continue it’s 


: motion — 
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‘ motion ftrait forward in the line BC, but in fomeLec x, 
other line as BD, which is more inclined to the XIX. 
perpendicular BK. And on the other hand, if theuyng 
line DB be fuppofed to be aray of light movingin 
water from D to B, and there paffing into air, in- 

{tead of continuing it’s motion in the dire¢ction BE, 

jt goes on in fome other direction as BA, which 

being lefs inclined to, is more diftant from, the per- 
pendicular BH; as will appear from the following : 
experiment. Let an empty veffel as BCDE, have Exp. *- 

a {mall object as A, placed at it’s bottom ; and let it 
be fo fituated as that the fight of the object may be 
interceped by the fide of the veffel from an eye 
' placed at Q; let then the veffel be filled with wa- 
ter, and the ray AB, which before the pouring in. 
of the water, moved in a right line from A to K, 
and by fo doing pafied above the eye, will upon it’s 
emerfion out of the water be bent downward, fo as 
to ftrike upon the eye, and thereby render the ob- 
ject vifible, | 

This bending of the rays in their paflage out of 
one medium into another, feems to be owing to 
the attractive force of the denfer medium acting 
upon the rays at right angles to the furface, as may 
appear by confidering the confequences of fuch an 
attraction. 

Let then AC be a ray of light moving from A Pl, 2. 
to C, and there entring into a denfer medium, the Fig. 5. 
furface which feparates the two mediums being de- | 
noted by the line HK. ‘The motion of the ray in 
the direétion AC, being refolved according to the 
known method into two, one in the direction AD, 
and the other in the direction AB or DC, whereof 
the former is parallel, and the latter perpendicular 
to HK; it is manifeft, that as the ray enters into 
the denfer medium at C, it’s perpendicular motion 
mutt be accelerated by the attraction, whilft it’s pa- 
tallel motion continues the fame ; let then the line 
OG be taken in the fame proportion to CD, er 
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the velocity of the perpendicular motion after re- 
fraction has to the velocity thereof before the Te- | 
fraction ; and forafmuch as the. parallel motion, is — 
the fame before and after refraction, let CE be tak-- 
en equal to AD or BC, and letting fall EF equal — 
and parallel to CG, and.drawing the diagonal CF, 
the ray after refraction will defcribe the line CF in ~ 
the fame time that it moved from A to C before 
the refraction ; and forafmuch as GF is equal to 
AD, LM, that. is, the fine of the angle MCL, , 
mutt be lefs than AD, the fine of ACD; confe- — 
quently, by the attraction of the denfer. medium, — 
the ray in paffing into that medium is brought 
nearer to the perpendicular. = se og 

Again, let FC denote the motion of a rayin the ~ 


_ denfer medium from F to C, and let this motion | 


be refolved into two others, one in the dire€tion — 
FG or EC, and the other in the direGtion FE, or 
GC, the former being parallel, and the latter per- 
pendicular to HK ; when the ray paffes into the ra- 
rer medium at C, the parallel motion does not fuf- . 
fer any change from the attraction; but the per- 
pendicular motion is retarded by the attractive — 
force, which in this cafe acts in dire& oppofition to — 
it; letthen CD be to GC, as the perpendicular ve- _ 
locity of the ray in the rarer medium, to the per- 
pendicular velocity thereof in the denfer; and let 
DA be drawn equal and parallel to FG, in order to — 
denote the parallel motion of the ray after refraction 5 _ 
and the diagonal CA will be the line defcribed by _ 
the ray after refraction, in a fpace of time equal to _ 


that wherein it deferibed the line FC before refractic 


on ; and forafmuch as AD is equal to GF, it muft 
be greater than LM; confequently, the Angle ACD | 
is greater than FCG; and therefore, the ray in pal 
fing out of a denfer medium into a rarer, is by the | 
attraction of the denfer medium, bent from the pers 
pendicular ; fo that in both cafes, the refraction 
feems to be owing to the attractive force of the den- - 
ma \ fer 
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fer medium, acting upon the rays at right angles to Lz c 7, 
it’s furface » and what farther confirms this opinion XIX. 
is, that the denfer any medium is, and confequent- -“~——™ 
ly, the ftronger it’s attraction, the greater, ceteris 
paribus, is it’s refractive power ; thus oi] of vitriol, 
whofe denfity exceeds the denfity of water in the 
proportion nearly of three to two, acts more forci- 
bly than water on the rays of light, in bending and 
turning them out of their way ; as will appear from 
the following experiment; let the fixth figure re- Exp. 2. 
prefent a Quadrant, whofe radius AB is parallel to Pi. 8. 
he horizon; and let A be a {mall coloured object, "2 °- 
placed on the limb of the quadrant at the extremity, 
_ of the horizontal radius; this being viewed through: 
an empty glafs veffel as C, of a prifmatick form, 
placed at the center of the quadrant, with it’s real 
place at A. Let then the veffel be filled with wa- 
ter, and let the object be raifed on the limb of the. 
quadrant as high as D, that is to fay, to the height 
of fifteen degrees and twenty minutes, and the rays 
~ as DB, which go from it towards the prifm, will 
be fo bent in paffing through the ‘water as to enter 
the eye in a direction parallel to the horizon, and 
reprefent the object as' if placed at A. And the 
fame thing will happen when the veffel is filled 
- with oil of vitriol, excepting only, that the object 
mutt be raifed to a greater height fuppofe to EF, 
fo as to have an elevation of 20 degrees and eight 
minutes; which plainly fhews, that the rays ‘are 
more bent, and fuffer a greater refraction under the 
fame circumftances from oil of vitriol, than. they 
do from water. is ' mii 
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P. 8. 
fig. Vf 


veffel. 


minutes | 


. The denfer medium begins to attra@ the rays at 


Refrattions taken by the Quadrant and prifmatié 


‘[Deniity[Degr. and Sines] 


Water | ‘ele t 15.20 | 2644342 
[Oil of vitriol | 1.497 20.8 | 3442660) 
fBate water “Pa | 7.32 | godsoag) 
S pirit of hartfhorn oir| \ 16. - | 2756374) 
Oil of turpentine | 0.869] 22.34 | 837s8al 
Oil of linfeed’ 0.939). 22.57 ms } 


fome diftance from it’s furface; and it aés ‘Upon’ © 


them more and more forcibly in proportion’ as ‘their 


 diftance fromvit’s furface leffens.; but however, int 


what. follows I fhall fuppofe the .attra@tive force to 


_ act with the fame vigour. In” all: parts of the {pace 


through whichit extends itfelf 3 becaufe, asthati] pacé — 


is indefinitely {mall, no fenfible error will arife front! 
{uch a fuppofition. If then CD be the. farface of 


ray of light in paffing from Bto A will be accele= 


rated in {uch a manner as that the perpendicular ve: _ 


locity thereof at the point A will be equal to the 
{quare root of the fum of the {quare of the perpen- 
dicular velocity of the Tay at it’s incidence on the 
point B; andof the fquare of the perpendicular ve- 
ati, | locity 


the denfer medium, and AB the {pacethrough which _ 
the attraétive force extends itfelf from A to B ;‘a. 


locity which it would have at A, fuppofing it began Le cv, 
it’s motion at B, from a ftate of reft. For fince the XIX. 
attractive force is fuppofed to act uniformly through —~——é 
_ the fpace BA, the motion which it generates will 
as to it’s properties correfpond with the motion ari- f 
fing from gravity ; if therefore the triangle EGH FP. 8. 
be taken to denote the {pace BA, GH will exprefs #8 ° 
the velocity of a ray at A, on fuppofition that from 
a {tate of reft it begins it’s motion at B; but if at B 
it has a velocity expreffed by any right line as IK, 
parallel to GH, let the triangle be continued on till 
_ the portion IFLK becomes equal to EGH, and 
_FL will exprefs the velocity of the ray at the point 
A>; and forafmuch as the triangle EFL, is equal to 
' the fum of the two triangles EGH and FIK, FL 
is equal to the {quare root of the fum of the fquares’ 
of GH and IK ; that is, the perpendicular veloci- 
ty of the ray at A, is equal to the ‘fquare root of 
the fum of the fquare of the perpendicular velocity 
of the ray at it’s incidence on the point B, and of 
the fquare of the perpendicular velocity which it 
would have at A, on fuppofition that it began it’s 
motion at B from a ftate of reft. And this being 
fo, the courfe and velocity of a ray of light after 
refraction, in paffing out of a rarer medium into a 
denfer, may be determined in the following man- 
ner. Let Z bea rarer medium, and Xa denfer, {e- pt, ¢. 
parated by the common furface EF, on which let a Fig. 9: 
ray of hght as AC, fall obliquely, and let AC 
meafure the velocity of the ray in the rarer medium ; 
which velocity is the fame, whatever be the incli- ~ 
nation of the ray. From the center C with the 
radius CA, let a circle be defcribed, in which let 
NM be drawn through the center perpendicular to 
EF: and from A let fall AQ perpendicular to EF, 
as alfo AO perpendicular to NC. The motion of 
the ray in the direction AC being refolved into two 
others, one in the direction AO or QC, and the 
ether in the direction AQ or QC; the line O . 
| Wi 
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Lec T. will meafure the velocity of the perpendicular mo- 
XIX. tion;.and therefore, if CP be taken to denote — 
tea the perpendicular velocity generated by the at- 

| traction of the denfer medium, the line PO will 
meafure the perpendicular velocity of the ray in the 
denfer medium ; and forafmuch as the velocity of 
the parallel motion is no way altered by the attrac- 
tion, if CV be taken equal to QC, and VB be 
drawn parallel to CM, and equal to PO, it is evi- | 
dent, that the ray after refraction, will defcribe the 

Tine CB, and that the velocity of it’s motion will 
be meafured by that line. i 

Asa Corollary, from what has been proved. it. 
follows, that the velocity of the refracted ray in the.» 
denfer medium is no way varied by varying the in- 
clination of the incident -ray ; for the f{quare of BC ~ 

~ being equal to the fum of the fquares of BV and: 
CV, or of PO and AO, and the fquare of PO be- — 
ing equal to the fum of the fquares of CO and PC, 
the {quare of CB is equal to the fum of the fquares- 
of AO, CO, and PC; but the fquares of AO and 
CO are equal to the fquare of CA or CN; confe- 
quently, the fquare of CB is equal to the fum of — 
the fquares of PC and CN, which quantities con- 
tinue unvaried, whatever be the inclination of the 
incident ray ; and therefore PN or CB isa given — 
quantity ; that is, the meafure of the velocity, and 
of confequence, the velocity wherewith the rays 
move after refraction in the denfer medium, is al- 
ways the fame, however differently inclined the — 
rays may be to the furface of the denfer medium 
at their incidence thereon. EN pet ‘ 
~The angle ACN, which the line defcribed by the 
incident ray, contains with the perpendicular to the: 
refracting furface at the point of incidence, is called — 
the angle of incidence ; and the angle BCM, which . 
the line defcribed by the refracted, contains with the 
perpendicular to the refracting furface at the point © 
of incidence, is.called the angle of refraction. iM | 
ie Sie | s 
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Asa fecond Corollary, from what has been proved:L.x c rT. 
it follows, that the fines of thefe angles are to one XIX. 
another in a given ratio ; or in other words, that —\~— 
whatever proportion the fine of any one angle of: 
incidence bears to the fine of the correfponding 
angle of refraction, the fame does the fine of any 
otheriangle of incidence bear to the fine of the re-: 
fpective angle of refraGtion. For fince CB is cut Pl. g. 
by the circle in the point T, if from Band T, BS'Fig. 9. 
and TR be drawn perpendicular to the radius, BS 
will be equal to AO, which is the fine of the angle 
of incidence, and TR will be the fine'of the angle 
of refraction; and from the nature of ‘fimilar ‘tri- 
angles BS is to TR as CB to CT ; that is, the fine 
of incidence is to the fine of refraction in the fame 
proportion with two ftanding quantities; confe~" 
quently, that proportion is given, whatever be the: 
inclination of the incident ray. And what has been: 
thus proved, with refpect to the fines of inci- 
dence and refraction, when rays pafs out of a rarer 
medium into a denfer, is in like manner demon- 
ftrable of thofe lines, when the rays move out of a 
denfer medium into a rarer, with this difference on- 

ly, that whereas in the former cafe the angle of in- 
cidence exceeds the angle of refraction, in the latter 
it is exceeded by it; for as the attraction of the den- 
fer medium by accelerating the perpendicular velo- 
city of the rays im their paffage from a rarer me- 

dium turns them out of their way, fo as to bring 
them nearer the perpendicular, fo on the other hand, 

by retarding their perpendicular velocity in their 
paflage into the rarer medium, it turns them out of 
their: way fo as to remove them farther from the 
perpendicular, as has been already fhewn ; and for- 
afmuch:as the rays are turned out of their way in: 

both cafes by one and the fame caufe aéting in the 

fame uniform manner, ‘it is manifeft, that in both: 

cafes, they muft be equally bent; confequently, as 

AOE 21 peed U much 
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Lec rT. muchas the angle’of incidence exceeds the anglé of 


XIX. refraétion when a ray paffes out of the rarer medium — 


+ into the denfer, fo much muft it be exceeded by it, 


Pl. 8. 
Fig. 10. 


when the paflage of the ray is made the contrary 


aici et ot iy ye ; ie 
- Now that the fine of the angle of incidence is to: ~ 


the fine of the angle of refraction in a given ratio, 


' whatever be the inclination of the incident ray, may” 
_ ‘be proved experimentally in the following manner.’ — 
Let a brafs quadrant graduated on both fides, 
and fixed at it’s center to a perpendicular pil- — 


lar in the manner reprefented, have two indices 


as A and B, one on each fide, moveable on the — 


center C ; and let:the index A, whereof the ftem: 
D is a continuation, be made to point to the — 
15th degree, and the index B to the 15th minute of ~ 
‘the 2oth degree let then the pillar be immerfed in — 


water, fo far as that CE the horizontal edge of the 
quadrant may touch the furface of the water, and: 
upon viewing the ftem D which lies within the wa- 


> 


ter, it will by reafonof the refraction, feem to have - 
changed it’s fituation, and appear to lie in the fame — 


- plane with the index B. . And the fame thing will 


likewife obtain, if the index A be fet at the 30th © 


degree, and B at the 3oth minute of the 42d de- 


gree. Now in both thefe cafes, the angle of inci- - 


dence is equal to the angle contained between FC, — 
the perpendicular edge of the quadrant, and the 


index A’; and the angle of refraction is the angle 


made by the perpendicular edge of the quadrant, 


and the index B; fo that one of the angles of in- — 


cidence is 15 degrees, and the other 30, and the ~ 
correfponding angles of refraction are nineteen de- ~ 
grees, fifteen minutes, and 41 degrees, 30 minutes 3" 

and 25, which is the fine of the leffer angle of in- 


cidence, is to 33, the fine of the correfponding — 


angle of refraction, as 50, the fine of the greater — 
angle of incidence, to 66, the fine of the angle of 
ag ess F e 3 refraction — 
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refraction which correfponds thereto, as in the. 
following TasBie. © 1 


Angles of \Sines. Angles of \Sines. 
\incidence.\ refratiton.} 


HESS Ss se 


pae 2G,  aled ous 
Out of water into} 15. 19. 15 13296 
air inal yy in 
aid 30. |5000] 41. 30 [6626 
: d. * Fagin 
Out of oil of tur-} 15. [2588] 22, 3746, 
_ pentine. d. d. 


__ 30. {5000} 47. | 


en, Sa ha is ae 
Or COLOURS. 


ATURALISTS were formerly of opi- Le cr. 
| nion, that Licur was in it’s own nature XX. 
fimple and uniform, without any difference or va- —\~— 
riety in it’s parts. And that Cotours, which are 
to be the fubjeét of this lecture, were nothing elfe 
than certain changes or modifications of light cauf- 
ed by refractions, reflections, and foadows. But Sir 
Isaac Newton, to whom we are indebed for at 
moft every thing that we know with certainty con- 
cerning the nature of light, has fhewn from expe- 
riments, that notwithftanding the uniform appear- 
ance of light, the particles whereof it is compofed 
are of different colours; and that the colour of each 
particle is lafting and permanent, fo as not to be — 
changed either by refraétion or’ reflexion. He has 
hkewife thewn, that thofe particles which differ as 
7 , U 2 to 
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Lect. tocolour, differ alfo in degrees of. refrangibility : a 
XX, by means whereof, the rays of different colours may — 
L-ay~ be feparated from each other, and exhibited apart. — 


Let a beam of the fun’s light pafs into a darkened © 


chamber through around hole as H, about the fix- © 
teenth or twentieth part of an inch wide, fo as to 


fall direétly on the middle of a double comvex lens 


¥ 


L 


1 
‘ 


as L, ground toa radius of five or fix feet, and — 


placed at the diftance of ten or twelve feet from — 


. oe 


the hole ; by which means the image of the hole — 
will be projected tol, on the other fide of the lens, — 
at the diftance of ten or twelve feet more, and there — 
appear white and round. ‘Let then a prifm of fo- _ 
lid greenifh glafs as P, be placed clofe behind the ~ 


Jens, and in fuch a pofture as that the beam of light — 


Py 


may fall upon it perpendicular to it’s axis, which ~ 


js an imaginary ftrait line, running through the — 


middle from one end to the other parallel to it’s 


edges ; this being done, the image;of the hole, 
inftead of being round ard white, and projected 
to I, will be long and coloured, and caft fideways 


from 1; and the colours’ of the image taken in 


their order from that which lies neareft to I, will 


lours, are denoted by their initial letters. ! 

From the lengthening of the round image by, 
the refraction of the prifm, it is evident, that of 
the particles of light which form the image, fome 
are more refrangible than others; for were they all, 
alike refrangible, the diftances to which they are 


thrown fideways from their firft fituation at I, 


would be all equal, and of confequence, the fe- 


cond image would be round as the firft. iy, 
Asin thecoloured /peffrum the red lies neareft to, 


and the violet fartheft from I, it is manifeft, that. 
the red particles in their paffage through the prifm,_ 
are pufhed out of their way lefs, and the violet 

oe 2 iby. MOK, 


be. red, orange, yellow,. green, blue, purple, and vio- 
Jet; as in the, image MN, where the feveral co-- 
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more, than any other; and confequently, that the Lx cr. 
red particles have the {malleft degree of refrangibi- XX, 
lity, and the violet the greateft ; and that the par- ware 
ticles of intermediate colours have intermediate de- 
grees of refrangibility, greater or lefs in proportion 
as they lie nearer to the one or the other of the two 
extremes. A gid. Mol Nahar 

This difference of refrangibility in the particles 
of light, argues a difference likewife in their mag- 
-nitudes ; for fince one and the fame caufe, to wit, 
the attraction of the glafs, acting upon them all 
with equal force, and under like circumftances, 
produces unequal changes in the directions of their 
motions, it muft needs be that they move with un- 
equal forces, and confequently, that their quantities 
of motion are unequal, which inequality of moti- 
on can arife from nothing elfe but the different fize 
of the particles, in cafe they all move equally fwift, 
as they are generally fuppofed to do; and that they 
are all perfectly folid, as their power of penetrating’ 
and diffolving the denfeft bodies, without fuffering 
any change themfelves, feems to require ; confe- 
quently, the particles of light which differ as to co- 
lour, differ alfo in magnitude ; thofe of violet be- 
ing {malleft, and the particles of other colours in- 
creafing continually one above another, as they are 
more and more removed from the violet, and ap- 
proach nearer to the red, whofe particles are largeft 
of all; and here it will not be improper to obferve, 
that as the red particles are of all others the largeft, 
they muft on that account act with the greateft 
force, and excite the ftrongeft vibrations in the 
nervous coat of the eye; which may be one rea-. 
fon why reds are found to be more offenfive to the 
eyes, than any other colour whatever. 
’ The feven colours’ whereof the long: image is 
compofed are permanent and lafting, and cannot 
poflibly be changed, either by refraction or reflexi- 
on, as will appear from the following experiments. 
Bf U 3 Let 
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“Lec r.Let a {mall hole be made in the paper whereon the — 
XX. coloured image is formed, through which, let each of — 
“—~—’ the feven colours pafs fucceffively, and falling upon — 
Exp.2- 4 prifm, be again refracted, and they will be found — 
to continue the fame, without the leaft change or 
alteration; thus the red, when refra¢ted, will con- 
tinue totally of the fame red colour as before ;_ nei-. 
; ther orange, yellow, green, blue, nor any other new — 
colour, will arife from the refraction; and the like — 
_conftancy and immutability will. be. found in the 
other fix colours, when refracted fingly and apart 
from the reft. And as thefe colours are not change- 
able by refraction, fo neither are they by reflection; — 
for if bodies of different colours be placed in the red _ 
light, they will all appear red, and in the blue light, — 
. they will appear blue, in the green light, green, and 
fo of the other colours; in the light of any one 
colour, they will all appear totally of that fame co- é 
Jour, with this difference only, that in fome the © 
colour will be more ftrong and full, in others more. — 
faint and dilute, every body appearing moft fplen- 
did and luminous in the light of it’s own colour. 
Thus, for inftance, if a deep red, as carmine, anda 
full blue, as wltramarine, be held together in the red 
light, they will both appear red; but the carmine — 
will appear of a ftrongly luminous and refplendent — 
red, and the #/tramarine of a faint obfcure and dark . 
, 


| 
wf he 


Exp. 3. 


Exp, 4. red; and on the other hand, if they be held toge- 
ther in the blue light, they will both appear blue; _ 
but the ultramarine will appear of a ftrongly lumi- — 
nous and refplendent blue, and the carmine of a — 
faint dark blue. aid stearate scree 
_ Since the colours of the rays are not capable of — 
being changed either by refra¢tion.or reflexion, it _ 
is manifeit, that if the fun’s light confifted of but, — 
one fort of rays, there would be but one colour in _ 
the world ; and by confequence, that the variety of) 4) 

| colours depend upon the compofition of light. It _ 
is likewife manifeft, that the permanent colours of. A 

Dey ,  * natural 


we 
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natural bodies arife from hence, that fome bodiesLx ¢ T.. 
‘reflect fome fort of rays, and others other forts XX. 
more copioufly than the reft, and upon that account * 
appear of this or that colour. Thus minium, and 
other red bodies, reflect the red rays moft copioufly, 
and thence appear red ; violets, and all other bodies 
of the like colour, reflect the violet rays in greater 
abundance than the reft, and thence have their coe- 
lour; and fo of other bodies, every body reflect- 
ing the rays of it’s own colour more copioufly than 
the reft, and deriving it’s colour from the excefs 
and predominancy of thofe rays in the reflected 
light ; for though all bodies appear of the fame 
colour, when placed together in the light. of any 
one colour, yet every body looks more {plendid 
and Juminous in the light of it’s own colour than 
in that of any other, which puts it paft difpute, 
that every body reflects the rays of it’s own colour 
in greater abundance, than it does the reft, and 
thence has it’s colour. : 
_ \ As natural bodies appear of divers colours, ac+ 
cordingly as they are difpofed to reflect moft co- 
pioufly the rays originally indued with thofe-colours, 
~ {o from the different proportions which the predomi- 
~ nant rays bear to the reft of the reflected light, arife 
different fhades or degrees in thofe colours. Where 
the predominant rays are very numerous in pro- 
portion to the reft; the colour appears {trong . and 
full ; but as the excefs of the predominant rays lef- 
fens the colour from the mixture of the other rays, 
abates of it’s livelinefs, and becomes more faint and 
dilute ; and when all the rays are equally reflected, 
fo as that no one kind predominates,: the colour 
becomes white ; for whitenefs is a mixture of all 
the colours, and it is more or lefs intenfe in pro- 
portion as the refleéted rays are more or fewer in 
number ; allgrays, duns, rufets, browns, and other 
dark and dirty colours, down to the deepeft black, 
po Laat DO eing 
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Lec Tt. being but fo many leffer degrees of white, and differ- 
XX.- ing from perfect whitenefs on no other account but 
tey—— that they confift of a-leffer quantity of light, and 
| —confequently appear lefs glaring and luminous. 
The reafon why bodies reflect: this or that kind 
of ray more copioufly than the reft, and confe- 
quently appear of this or that colour, depends al- 
together on the fize and denfity of the particles 
whereof the bodies are compofed. Particles: of 
coloured bodies reflecting rays of different: co- 
lours according to their different magnitudes and 
denfities, as has been fully proved by Sir Isaac 
Newron, from experiments and obfervations made 
on the colours of thinned bodies of air, water; and 
glafs ; by the help of which he has, in the fecond - 
~book of his Opizcks, given us a: table containing 
feven orders or feries of colours, together with:the 
thickneffes of the particles of air, water, and glafs; 
which exhibit the feveral colours in each order ; 
which thickneffes are expreffed in parts, whereof 
ten hundred thoufand. make an inch. © The firft 
part of that table is here laid before you ; and. by 
infpection thereof it will be found, that in each 
order of colours, the req is reflected by particles of 
the greateft thicknefs, and that the thickneffes of 
the particles which reflect the other colours, grow 
lefs and lefs, as the colours which they. refieét are . 
more and more removed from the red. It is like- 
wife manifeft from the fame table, that among the 
particles which reflect one and the fame. colour, 
thofe which have the greateft denfity, have the 
Meaft thicknefs; thus for inftance, the thicknefs of 
a particle of glafs which reflects the /carlet of the 
__ fecond order, is but. 122; whereas the thicknefs of 
- water which reflects the fame colour, is 143, and 
that of air flill greater, to wit 19%; fo;that the 
thickneffes of the particles which reflect any colour, 
increafe as.their denfities leffen ; for which reafon, - 
of hh VE) vara p parucleg 
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particles of the fame thicknefs may reflect different Lym cir’ 
colours, provided their denfities: te unequal » thus XXZ 
the particles of air which reflect the violet,of the fox Ua 
cond order, have very néarly the fanie thicknefs with : 
particles. of water’ which reflect the green, as alfo 
with the particles of glafs which reflect the orange 
of the fame order, 


Thicknefs of 


Ain. | Water.) Gla/s. 
(Very black «" ts de ee 
: | Black | 2] 
Their co- | Beginning of black} 2 ~ tt] i 
lours of Blue’ ‘ : nw 1+ y24- 
the fit or- 2 White Pet NOR RO 2. 
der, Yellow 7 eet | 4s 
| Orange 6 5* 
| Red OPO 1 ay 
{ Violet 115‘) 8S 1 75 
Indico ~ 124 Oe. Ny tee 
Blue \e i 14 107, |) 9: 
Ofthe fe- | Green. Ler eet at Tet bie 
cond order. < Yellow TO ho Peay Lahn 
Orange 175} 130 | 11s 
Bright red 1i8$ 134° 11% 


| Scarlet 195 14% | 125. 


From what has been faid concerning the colours 
of natural bodies, it follows, that if any change be 
made-in the fize or denfity of the particles whereof 
a body is compofed, the colour of the body will 
likewife be changed ; for which reafon, if twoco- 
lourlefs liquors be mixed together, they may in the 
mixing fuffer fuch changes in the fize and denfity 
of their parts from their mutual actions one upon 
another, as to become opaque and coloured sits 

a uc 
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Le ct. fuch liquors as are coloured, may for the fame rea: 
XX.. fon, when mixed together, either become tranfpa- 
wry~ rent and colourlefs, or of fuch a colour as is diffe: 
rent from the colour of either, before the mixture ; 
as will appear from the eee now to be 
made. . 


Colours produced by the mixture of liquors vei of 
colour. 


I. Rofated {pirit of wine, and fpirit of vitriol, a Red. 
-2. Solution of mercury, and oil of tartar, Orange. 
3. Solution of fublimate, and lime water, Yellow. 
4. Tinéture of rofes, and oil of tartar, Green. 
5. Tincture of rofes, and fpirit of urine, . Blue. 

6. Solution of copper, and fpirit of fal ar- 
moniack, Purple 

7. Solution of fublimate, and ffirit of fal 
armoniack, White. 

8. Solution of fugar, of led, and the fo- 
lution of vitriol, — Black. 


Colours arifing from the mixture of fuch a as are 
coloured. 


Yellow. Tincture of faffron t 
‘s ,Red. | Tinéture of red rofes 
Blue. Tinéture of violets Crim/y 
Brown. Spirit of fulphur t rift 
Red.  ‘Vinéture of red rofes g Blue 
aie Spirit of hartfhorn eG 
Blue. ‘Tinéture of Sas : ; 
Blue. Solution of coppe ¢ : Violet. 


Cin 


Blue. ‘Tinéture of vio tite i} 
Blue. Solution of Hungarian vitriol b Purp le. | 

6. Blue. Tinéture of cyanus — et | 
hs | Spirit of fal. simon. coloured : | 
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4, nips Solution of Hungarian vitriol t Yellow, L ECT. 


Brown, Lixivium 


XX. 


8. “gerry Solution of Hungaritn ab Black. LAr 


Red. ‘Tincture of red rofes 
. § Blue. ‘Tinture of cyanus Red 
9: 0 Green, Solution of copper t fs 


Colours changed and reftored. 


1. A falution of copper, which is green, by {pi- 

rit of nitre is made colourle/s, and is again reftored 
by oil of tartar. | ‘i 
_ 2, A limpid infafion of galls is made’ d/ack by 
a folution of vitriol, and tran/parent again by ou 
of vitriol, and then d/ack again by oil of tartar. ~ 
- 3+ Tincture of red rofes is made dlack by a fo- 
lution of vitriol, and becomes red again by oil of 
tartar. — ' . 
_. 4. A flight tincture of rofes, by fpirit of vitriol 
_ becomes of a fine red, then by fpirit of fal armo- 
niack turns greez, and then by oil of vitriol be- 
comes red again. | 
_ 5. Solution of verdegreafe, from a green by fpi- 
nit of vitriol becomes colourle/s, then by fpirit of 
fal armoniack turns a purple, and then by oil of 
- Vitriol becomes zran/parent again. 


Among the various phenomena of colours, there 


ig none more remarkable than that of the rainbow, — 
which is an appearance obfervable in thofe places. 
only where it rains in the funfhine, and where the. 


fpectator is placed in'a due pofition between the fun 
and the rain, with his back tothe former; for which 
reafon it is generally allowed, that the bow is made 
by the refraction of the fun’s light in drops of fall- 
ing rain ;.the manner wherein it is formed, has in 
fome meafure been explained by Antonius DE 


Domiunis, archbifhop of Spalato, and after him by: 


Des Cartes; but as neither. of them rasstaitvot in) 
E gloidw : ayy ie 
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Lect. the true origin of colours, it was impoffible for. 
XX. them not to be defective in their accounts; and 
t--y—— therefore Sir Isaac Newton, after he had difco- | 
vered the true nature and rife of colours, fet him: 
felf to the confideration of this fubject, and towards 
the latter end of the firft book of his Opticks, has 
given a full and fatisfaétory account of the whole 
matter ;, the fubftance of what he has there delj- 
vered concerning the rainbow, is as follows. 
Let a drop of rain, or any other {pheerical tran- 
Pl.g. {parent body be reprefented by the fphere BNFG, 
Fig. t. and let AN be one of the fun’s rays, incident upon — 
it at N, and thence refraéted to. F, where let it | 
either go out of the {phere by refraction towards V5 4 
or be reflected to G; and there let it either go out ~ 
_ by refraction to R,. or be reflected to H, where let _ 
it go out by refraction towards S, cutting the incident 
ray in Y; let AN and RG be produced till they 
meetin X. Parallel to the incident ray AN, let 
the diameter BQ be drawn, and Jet BI be a qua- 
drant, on every point of which let us: fuppofe a 
ray to fall parallel to BQ; as the point of incidence — 
removes from B towards L, the angle AXR which — 
the rays AN and RG contain, will firft increafe,: 
and then decreafe; and on the other shand, the — 
angle AYS, contained between the rays AN. and 
YS, will firft decreafe and then increafe. This be- 
ing fo, if we fuppofe N to be that point: of the 
quadrant BL, whereon if the incident rayA N’ . 
falls, it makes the greateft angle with the ray GR, 
which emerges after one reflexion; then allthe rays) 
which fall on each fide at a very little diftance from: - 
N, and go out after one reflexion, will emerge! pa~: 
rallel or very nearly parallel to GR ; whereas thofe: 
which fall on the quadrant at greater diftances from. 
N, will notwithftanding their parallelifm before’ — 
their incidence be fcattered, and diverge from:one’ 
another after their emergence. If therefore an eye 
be fituated in the, direction of. the former rays. 
tS a which — 
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which go out parallel, they will entef it fo copioully L ver. 
as toexhibit the image of ‘the fun in'the drop of XX. 
rain which refleéts them ; but -if the eye be fo —~— 
placed as to’ receive the? Jatter rays which go out 
diverging, thofe which enter the eye will be too 
few to excite any*fenfation ; and of confequence, 
the image of the fun will not appear.in- the drop 
to an eye fo fituated. 

If N be the point, whereon if the incident ray 
AN falls it makes the fmalleft angle with the ray 
HS, which emerges after two ‘reflexions : ; then, as 
before, all the rays which aré incident near N, and 
which emerge after two reflexions, will go out pa- 

rallel, and for that reafon, will exhibit athe fun’s 
image to an eye fituated in theif direction ; but 
thofe rays which are incident at’any fenfible diftance 
from N, and which emerge after two ‘reflexions, 
will be fcattered as they go out, and'upon that 'ac- 
count will: be too ‘few, ‘and-‘confequently too 
feeble to excite ae fenfation in the eye of the 
{pectator. 

“Now, forafmuch as the rays’ which are of diffe- 
rent colours have likewife different degrees of re- 
frangibility, the greateft angle AXR which can be 
‘made by the incident rays, and thofe which go out 
_ after one reflexion, will be of different magnitudes 
in rays of different colours ; fo likewife will the 
fmalleft angle AYS, that can be made’ by the in- 
cident rays, and thofe which go out after two 're- 
flexions ; and it has been found by computation, 
that in the leaft refrangible or red rays, the greateft 
angle AXR, is 42 degrees and two minutes ; and 
the leaft: angle AYS, 50 degrees and 57 mi- | 
nutes ; and in the moft refrangible or violet rays, 
thegreateft angle AXR, has been found to’ be 40 
degrees and 17 minutes : ; and the leaftangle AYS, 
54 degrees and 7 minutes. 

Suppofe now that O is the {pectator’ s eye, wd Pl. 9. 
OPa line drawn parallel to fhaiag {uin’s rays ; pie aE Fig, 8. 
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Lz eT, POE be. an angle of 40 degtees-and 17 minutes; : 
XX. POF of 42 degrees 2 minutes, POG ‘of 50 des 
Serv grees 57 minutes, and .POH an) angle of 54 des 


Tee 


grees 7 minutes ; and thefe angles: turned’ about 
their common fide, : thall with their other fides OF, 
OF, OG, and OH, defcribe the verges of two'rain- 
bows AFBE and CHDG, . For if BR} Fy Gi and - 
Hi, be drops of rain placed any where in the conis 
cal furfaces defcribed. by OE, OF, OG, and OH, » 
and be illuminated, by the fun’s rays SE, SF, SG, 
and SH, the angle SEO. being equal to the angle 
POE, or 40 degrees and ‘17 minutes, fhall be the 
Sreateft angle in which the moft refrangible rays can 
after one reflexiori be refracted to the eye; and there- 
fore,.all the drops in the line OE, hall fend the — 
moft refrangible rays: moft copioufly to the eye, and ~ 


thereby ftrike the fenfes with. the deepeft violet.co- 


rin that region, \Andin like manner, the angle 
SFO being equal to the angle POF, or 42 degrees: 
2 minutes, fhall be the greateft in which the leaft 
refrangible rays after one reflection can emerge out 
of thedrops ; and therefore, thofe rays fhall come 
moft copioufly to the eye from the drops in the line 
OF, and ftrike the fenfes. with the deepeft red co- 
Jour in that region.” And by the fame argument, 
the rays which have intermediate degrees of refran- 
gibility, fhall come moft copioufly from drops be- 
tween EF, and F, and exhibit the intermediate co- 
lours in the order which their degrees of refrangi- 
bility require, that is, in the progrefs from E to Fy. 
or from the infide of the bow to the outfide in this 
order, violet, indigo, blue, green, yellow, orange, and. 


_ Again, the angle SGO being equal to the angle 
POG, or 50 degrees and 51 minutes, fhall be the — 
leaft angle in which the leaft refrangible rays can 

after two reflexions emerge out of the drops, and — 


« therefore. the leaft refrangible rays fhall come moft 


O53 


copioufly to the eye from the drops in the line OG, 
c Ui Wa and 
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and {trike the fenfe with the deepeft red in that ree Lec te 
gion. And the angle SHO being equal to the XX.. 
angle POH, or 54 degrees and 7 minutes, fhal] —\— 
be the leaft angle, in which the moft refrangible 
rays after two reflexions, can.emerge out of the 
drops ; and therefore, thofe rays fhall come moft 
copioufly to the eye from the drops in the line OH, 
and ftrike the fenfes with the deepeft violet in that - 
region. - And-by the fame argument, the drops in - 
the regions between Gand H, fhall ftrike the fenfes 
with the intermediate colours, in the order which 
their degrees of refrangibility require, that is, in 
the progrefs from G to H, or from the infide of the 
bow tothe outfide in this order, red, orange, yellow, . 
green, blue, indigo, and violet. And fince thefe four 
lines OF, OF, OG, and OH, may be fituated any. 
wherein the abovementioned conical furfaces, what 
is faid of the drops and colours in thefe lines, is to: 
be underftood of the drops and colours every where 
in thofe furfaces. Thus then fhall there be made 
two bows of colours, an interior and ftronger by 
one reflexion. in the drops, and an exterior and 
fainter by two (for the light becomes fainter by 
every reflexion,) and their colours fhall be in a con- 
trary order to one another, the red of both bows — 
bordering upon the fpace GF, which.is between the 
bows. ‘Che breadth of the interior bow meafured 
crofs the colours, fhall be one degree and 45 mi- 
nutes, and the breadth of the exterior, fhall be 3 
degrees 10 minuges, and the diftance between them, 
fhall be 8 degrees 55 minutes; the greateft femi- 
diameter of the innermoft, or the angle POF,. be-. 
ing 42 degrees and 2 minutes, and the leaft femi- 
diameter of the outermoft, or the angle POG, be- 
ing 50 degrees and 57 minutes. And thefe are 
the meafures of the bows as they would be were the 
fun but a point ; for by the breadth of his body, 
the breadth of the bows will be increafed, and their 

diftance. 


ees 
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Enroeerl diftance: leifened’ by half'a degree ; and fo the’ 
XX.” breadth of the interior will be 2 degrees 15 minutes, | 
—v-—! and that’of ‘the exterior 3 degrees 40 minutes, and 


PI. 9. 
Fig. 3. 


their ;diftance 8:degrees 25 minutes; the greateft fe- 
midiameter of theinteriorbow 42 degrees 1 7 minutes, 
and the leaft of ‘the exterior 50 degrees 42 minutes; 


and fuch Sir Isa ae Newrow fays:he has found the 


dimenfions of the bowsin the Heavens, when he mea-). 
fured the fame.’ This explication of the rainbow is’ 
confirmed by the following experiment 3 eta’ glafs 
globey filled with water, as-A B) be hung ‘up in the 
fun-fhine, ‘witha black cloth® placed behind it, and 
let IS be one'of ‘the fuin’s rays incident thereon 5 let’ 
the eye of a'fpectator whofe back is ‘to'the fun, “be 
placed'at ‘O,rand:let it’be direéted to fuch’ a point. 
im:the lower part of! the globe fuppofe’C) as that a~ 


~ ftraiv line: drawn-from the eye through that point,’ 


and continued on ‘till it meets’ theincident ray like- 
wife produced, may therewith make an angle OX], © 
of 42 degreesi2! minutes, and the {pectator ‘thal 
then ifee ‘a full red colour in ‘that’ fide’ of ‘the globe 
oppofed tothe fun as at F ; let then the eye be 
raiied up gradually to P, till ‘the anglé PZI be- | 
comes equal to 40 degrees and 17 minutes, ‘and as 
the eye rifes, it will perceive other colours, to wit, 
yellow, green, and blue, fucceflively in the fame fide - 
of the globe. » AD CIES Re 
Again, ‘let the eye be placed at Q, and let it be 
directed to fuch a point in’ the upper part of the — 
globe fuppofe D, as that a ftrait line, drawn from the 
eye through that point and meeting the incident ray 
protracted, ‘may therewith make an angle'QSI of 
50. degrees and 5% minutes, and there will appear. 
a ‘faint red colour in that fide of the globe towards’ 
the fun; let then the eye be gradually depreffed:to! 
R, till the angle RTI 1s 54 degrees 7 minutes, as — 
the eye finks; the ved will turn fucceffively to the 


other colours, yellow, green, and blue, ‘as-in the’ 


former cafe upon the raifing of the eye. 
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J NTENDING in my next lecture to enquire Lz ¢ r. 
i. into the Nature of Vision, where £ thal} XXI. 
have occafion to take notice of defeéfive Eyes, J <a 
fhall in this lecture, by way of preparation, lay be- 
fore you fome of the chief properties of fuch Jen/és 
or glaffes as are moft commonly in ufe for affifting 
detective eyes ; and they are of two forts, firft; 
fuch as are equally convex on both fides, and fes 
condly, fuch as are on both fides equally concave. 
The former fort is reprefented in the fourth figure; 
and the latter in the fifth. 7 ‘eto 
Tet ABC be an object placed before the double py. 9. 

convex lens FAK, at any diftance greater than the Fig. 6. 
radius of the fphere, whereof the /ens is a fegment 3 
the-rays, which iffue from the feveral points of the 
object, and fall upon the Zens, will, in their pafiage 
through it, be fo bent by the refractive power of 
the glafs, as to be made to convene at fo many — 
other points behind the /ems, and at the place of 
their concourfe, they will form an image or repre- 
fentation of the object; and this image will be in- 
verted, becaufe the rays which flow from A, the 
uppermoft point of the object, are united at F, the 
lowermoft point of the image, whilt thofe which 

flow from C, the loweft point of the object, are 
brought. together again at D, the higheft point of 

the image. So likewife thefe rays which iffue 

from the right fide of the objeét, are united in the 

left fide of the image, whilft thofe which proceed 

from the left fide of the object, concur in the right 

fide of the image ; as will appear by placing a light- 

ed candle before a double conver Jens; at fuch a difs 

bey er X tance 
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Lec T. tance as that the image thereof may be formed- 
_ XXL ona piece of white paper placed at a due diftance 
~~ behind the dens ,; for the flame will appear inverted 


~Pl. 9. 
Fig. 7. 


with it’s point downward ; and if either fide of the 


flame be intercepted by the interpofition of a dark 


_ body, the contrary fide of the image will be ob- 


{cured., . rs 
‘With regard to this experiment, I muft obferve 


. to you, that though there is one certain -diftance, at 


which the paper muft be placed, in order to exhi- 


bit the image with the greateft diftinétnefs, yet may 


the diftance be a little varied without rendring the 
image confufed 5 and it is remarkable, that when 
the image is projected on the paper at the neareft 


_ diftance that it can with any degree of diftinétnefs, 


it appears bordered all arourid with red ; which red- 


~ nefs continually. decreafes, ‘as:the paper is miore and - 


—— 


more removed from the dems’; and when it is re- 


“moved to fuch a diftance as is requifite to give the 


image the greateft advantage in point of diftine 
nefs, the rednefs intirely -vanifhes, and Tedves the 
image equally white all over; but upon a farther 


‘removalof the paper, the edges of the image which — 


at the neareft’ diftance’ were tinged with ted, dé 
now appcar tinged with blue. If a candle, which 
is, placed at? A: before the convex lens CDy has it’s 
image projected on a piper at EF, fuppofing ‘that 
to be theleaft diftance at which it can be projected 
diftinctly; at’s edges will appear red, but upon the 
removal of the paper to GH, they will become 
white; and when the paper is removed. to’ I K, 
they will appear blue; the reafon of thefe different 
appearances Is this, the rays of light as AC and AD, 
which flow from the candle, being compounded of 
particles. of different colours, whereof the red are 
leaft refrangible, and the blue moft fo, upon palling 
through the Jens, the blue rays are made to converié _ 
fooneft, andthe red lateft; as in the figure where — 
the blue are denoted by the pricked lines, and - 
o oe RS re 
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red by the continued’; {6 that an image is formed Lt & 1, 
at EF, by the concurrence ‘of forme -of ‘the mote XL. 
refrangible rays,’ and it is tinged around it’s edges CARY 
by the ‘red ‘rays, whicli conversing © more ‘flowly 
than the reft die outerniohi?? O88 eg 90k Doing 
After’ the’ blue fays have ‘conturréd, they crof 
One ‘another, and’ ‘go on. diverging ‘towards GH, 
where meétting with ‘the ‘ted’ rays which” have “not 
yet concurred, and there mixing ‘with them ‘ant 
the tays ‘of other colours, they produce a white 
image, whitenef§ refultiig from ‘a due’ mixtuté of 
all the colours ; as they’ proceed forward toward 
IK, they, by reafon Of their greater ‘divergence, 
‘fpread> themfelves ‘on’ all fidés beyond the ther 
Tays, and by fo doing, tinge the ‘outlints ‘Of ‘the 
° Onthe> formation of’ pictures’ by” meats Of a 
double convex lens, depend. the appeatances' of the 
camera ‘oofcura, which’ is a 'fmall {quate box with a 
tube iffuing horizontally from one fide, at ‘the ‘ex- 
tremity whereof is fixed a double ‘convex lens; with- 
in the box is ‘placed a looking-elaf in a flanting 
“apie pt as to be at half right angles'with the: 
bottom of the box, -which is parallel ‘to the horizon. 
On' the top of ‘the box‘is placed horizon tally a plate 
of glafs'rough'on one fide, whereon the pictures of 
objects are reprefented in the following mafiner. © 
» Let. AB be an object placed before! CD,° the dens Pl. 9. 


~ 


fixed inthe tube which affues from the box; GH es sf 
the looking-glafs-inchined‘to the bottom of the box, ~*?: * 
in’an angle of ‘45 degrées; ILM the plate of rough 
glafs covering the top of the box horizontally. The 
rays which flow from A, the uppermott point of 
the'dbject, after they have paffed the Zexs, ‘converge 
towards F, and wotild aually meet’at that point, 
but that they are intercepted by the looking-¢lafs 
GH, ‘which’ refle€s' them, ‘and ‘throws them ‘Up- 
ward); Land forafinuch as the inclination'of the rays 
towards one another is no way altered by the reflexi+ 

ek on, 


itt. 
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Lect. on, they muft meet at fome point as.K, as far dif 
' XX. tant above the /peculum, as the point F is behind it. 
Woy In like manner, the rays which flow from B, the 


PI. 9. 
Fig. 9. 


other, hand will appear to. move. 


loweft point of the object, and which after they have 
paffed the glafs are tending towards E, being re- 


flected upward by the /peculum, are made to con- 
_vene. at..I, .whofe.diftance above, the. /peculum, is 


equal to the diftance of E behind the /peculum; and 
as the rays from the extreme points A and B, .are 


¢made to.conyene at K and I, fo thofe which flow 
“fram the intermediate points of the object, are 
brought together at correfponding points between — 


K and I, whereby the image is projected -horizon- 


tally, but with. it’s right) and lett, fides correfpond- 
ing to the contrary fides.of the objeét.5.\as. may ap- 


pear by placing a man before the ens, andjcaufing 
-him to ftir one of his hands ; for in the. imagé-the 


. Lhe.diftance of the:image behind the glaisis.al- 


»* 


ways varied by varying the diftance of the object ber 


fore the glafs.; the image approaching as. the-ob- 


ject recedes, and receding as that approaches, ;. For 


4f we fuppofe.A and C to be two radiating points, 
from which the rays AH, AK, and CH, .CK; fall 


upon the Jens HK, it is manifeft, thatthe-rays from 
.the more diftant point diverge lefs,than thofe from 


‘the nearer point, the angle at A being Jefs than that 


« atCs condequently,, when -they pafs through the 


1 glafs they, muft_be. brought, together fooner, and 
“mult convene at fome point.as B, lefs diftant from 


avene,:” 


‘the Jens, than is the point,.D, whereat)the more— 
diverging rays from the point C are made, to con- 
+6 Pomiscae Sit. A OT Wor donlW evi 

'.Whete the diftance of the objeét, and the radius 
of the. /ens’s convexity are given, and where the 
‘thicknels of the /ens is but {mall, as is commonly 
‘the cate;, the diftance of the image from the ens is 
Aetermined very nearly, by faying, as the diftance 
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of the object from the Jens, leffened by the radius Lz oT. 
of the Jens’s convexity, is to the radius, fois the XXI. 
diftance of the object from the /ens ;_ to the diftance wa\yrw 
of the image from the /ens; that is, putting D for 

the diftance of the object, R for the radius of the 
convexity, and F for the diftance of the image, 
D—R:R::D:F; .confequently, F ape. 

The truth of this rule is demonftrated by the 
writers of Droptrricxs; but as all the demon- 
{trations which I have hitherto met with are tedious 
and intricate, I fhall not at prefent trouble you with 

them, but fhall proceed to confirm the rule by ex- 
periments. | : 
Let then the flame of a candle be placed at the Exp. g. 

diftance of twelve feet and an half from a’ double 
convex lens, the radius of whofe convexity is four 

feet two inches; that is, let the diftance of the flame 

from the glafs be equal to thrice the radius, and the 

image will be projected behind the /ews at the dif- 

tance of fix feet three inches, that is, at the dif. 

tance of a radius and an half ; for in this cafe, R 

being put equal to unity, RD is three, which be- 

ing divided by D—R, that is, by two, gives one 
and an half in the quotient. . : 

If the flame be brought nearer to the Jens, the Exp. 4. 

image will move farther from it, and when the dif- 

tance of the flame becomes equal to twice the dia- 

meter of the /ens’s convexity, the diftance of the 
image will be equal to that of the flame, the Jens 
ftanding in the midway between them ; for in this 

cafe D—R is equal to R, and of confequence, F 

is equal to D. | | 

_ The flame being placed at the diftance of the Exp. 5. 
radius, the diftance of the image becomes infinite. 

For in this cafe D—R is nothing, and F is equal to 


x which expreffion denotes an infinite quantity ; 
, Ss fo 
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Liz.c 1, fo that in this cafe, there will not be any image of 


XXI: 


the fame ; but the rays of light which’ flow from 


ny the candle, after they have pafled through the dens, 


will go on parallel to one another ; and by fo do- 
ing, form a bright circular image, equal.in fize to 
the ens, and the magnitude thereof will remain 
the fame at all diftances from the glafs. 

Where the diftance of ‘the flame is lefs than the 
radius of the convexity, D-—-R becomes a negative 
quantity, and fo of confequence does the quotient 
arifing from the divifion of DR by DR; which 
fhews, that the place at which the rays meet, lies on 
the fame fide of the ens with the flame ; or to fpeak, 
more properly, that the rays after they have pafled — 
the /ens, proceed diverging from one another in _ 


_fuch a manner, as if they had. flowed from a point 
_ before the Jens, more diftant than the place of the 


flame. For the eafier underttanding of which, Jet 
the rays AB and AC flow from the point A, whofe 
diftance from the /eus BC, is lefs than the radius 
of the Jens’s convexity ; after they have paffed the 
glafs, they will not continue to go on in the dire¢tions 
BD and CE, but in the directions BF. and CG, as 
if they had proceeded from fome point as H, more © 
diftant from the ems than is the point A, from which — 
they really fow ; fo that in this cafe, the rays after 


‘they pats the glafs, go on diverging from one ano- 


they did before they pafied the glafs. 
When the diftance of the flame from the glafsis | 
fo great, as that neither the breadth of the Jens, 
nor the radius of it’s convexity bears any fenfible 
proportion to it, then D—R is equal toD; and of 
confequence, F is equal to R; thatis, the diftance 
of the image is equal ro the radius of the glafs’s 
convexity, and this is the leaft diftance at which an — 
image can be projected by fuch a Jens; and foraf- — 


ther, but however they do not diverge as much as © 


much as the rays of the fun, which by reafon of = 
_ the immente diftance of his body, are always united 


af 
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at the {malleft diftance, are apt to burn at the place Le cv. 
of their union ; that place is ufually called the focus XXI. 
or burning point, and fometimes the ab/olute focus, in —a~n—~ 
contradiftinétion to thofe places whereat the images 
of lefs remote objects are formed, and which are 
frequently called the refpeétive faci. | 
The length or breadth of an object, is to the 
length or breadth of it’s image, as the diftance of 
the object from the Jews, to the diftance of the 
image from the dems. For if “AC be the length or PI. 9. 
breadth of an object, and DF the length or breadth Fig- ©- 
of it’s image; AB, which is one half of AC, is to 
FE, which is one half of FD, as BL to EL, the 
triangles ABL and FEL being fimilar. Hence it‘. 
follows, that the nearer an object approaches the lens, 
the larger is it’s image, the image receding, and con- 
fequently inlarging, as the object approaches ; and 
thus it appears to be from experiments ; for the Exp, 6. 
flame of a candle being placed at a diftance greater 
than the diameter of the /ems’s convexity, in which 
cafe the diftance of the image is lefs, appears larger 
than the image ; but being brought within the dif- 
tance of the diameter, the image, which in . that 
cafe is at the fame diftance, becomes equal to it ; — 
and upon bringing the flame ftill nigher, the image 
becomes larger in proportion to the fquare of it’s 
greater diftance. , 
The fame thing is likewife evident from the ma- Exp. 7. 
gick lantern ; which isalantern out of which iffues 
an horizontal arm, capable of being lengthened or 
fhortened at pleafure, by means of one part fliding 
in and out of the other ; to the extremity of the 
moveable part is fitted a double convex lens, and to 
that part of the arm which joins the lantern is ad- 
apted a glafs, plane on one fide, and convex on the 
other, the plane fide looking towards the lantern ; 
in the body of the lantern there is placed a candle, 
whofe diftance from the plano-convex glafs is-fome- 
what lefs than the focal diftance ; fo that the light 
| xX 4 which 
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Jee, which paffes through that glafs, is thrown very | 


XX. 


f{trongly upon little images painted in dilute co- 


t--~—/ lours on pieces of plain thin glafs ; which being ° 


Pl. 9 


Fig. Ta. 


+ 
q 


Exp. 8. 


' go on towards K, but towards a more diftant point 


fixed in a flider that moves to and fro acrofg the 
arm, are placed at a fmall diftance behind the 
plano-convex glafs in an inverted pofition, and by 


means of the dens in the moveable part of the arm, 


are projected in an erect: pofition, on a paper or 
white cloth placed at a proper diftance ; if by 
drawing out the moveable part of the arm, the 

ictures be removed to a greater diftance from the 
ti. the lantern muft be brought nearer to the 


cloth, in order to a diftinét reprefentation ; becaufe, 
as the object recedes from the Jems, the image ap- _ 
proaches, and at the fame time, the images will be — 


-diminifhed: But on the other hand, if by thrutft- 


ing in the arm the pictures be brought nearer the 
fens, the lantern muft be removed farther from 


the cloth, and in this cafe, the images will appear ~ 


Jarger. : 
As convex glaffes caufe the rays of light to con- 


verge and unite, fo thofe which are concave make 


them feparate and diverge ; for which reafon, if 


diverging rays fall upon a concave Jens, they will — 


diverge more after they have paffed through it, than 


they did before ; and fuch rays as converge before — 


their incidence, will after their paflage converge 


a 
| 


lefs ; for inftance, if the rays AB and AC, which — 


diverge from A, pafs through the concave /ens BC, 
they will not go on in the directions BD and CE, 
but in fome other directions as BH and CG, fo as 
to widen fafter than before. On the other hand, if 
HIB and GC, be two rays converging towards K, 
after they have pafled through the glafs, they will not 


as A, foas to converge more flowly than before. All 
which is fully ¢onfirmed by experiments. For a 
candle being placed before a convex lens, fo as to 
have it’s image projected ona white paper, placed at 

| a due 


SOF DOP TRICKS. 319 
a due diftance behind the Jens, if a’concave glafs Lect: 
be placed between the convex and the image, fo XXI. 
as that the rays which are converging towards the “V9 
image may pafs through it, the image will thereby be 
thrown to a greater diftance behind, the rays being 

made to converge more flowly, and of confequence, 

to meet at a greater diftance than they did before 

the concave was interpofed ; and it muft be obferv- 

ed, that as the image is thrown to a greater dif. 

tance, it muft for that very reafon be inlarged , 
“and forafmuch as the larger image is compofed of 

the fame number of rays, or rather fewer, fome of 

the rays being reflected by the concave /ens, it muft 

on that account appear lefs bright and luminous . 

than the {maller. If by the removal of the convex 
lens, the rays which flow from the candle be fuffer- 

ed to fall diverging on the concave, and a white 

paper be placed clofe behind the glafs, there will 
appear thereon a dark circle of fome breadth, occa- 

fioned by the fhadow of the hoop which contains 

the glafs; and the circularWrea contained within the 
fhadow, will be inlightened by the rays which pafs 
through the glafs; and becaufe all the rays which fall 

upon the glafs, do not pafs through it, fome of them 
being reflected, the circular area will appear fome- 

what darker than the other parts of the paper, 

which are expofed to the light of the candle, with- 

out the interpofition of the glafs ; upon removing 

the paper gradually from the glafs, the circular area 

will gradually inlarge, and as that inlarges, the 
fhadow which environs it will grow narrower, and 

at length vanifh ; and upon the vanifhing of the 
fhadow, if the paper beremoved alittle farther, there 

will arife a bright circle all around the circular area, 

which will grow broader, but lefs bright, as the 

paper is more and more removed from the glafs ; 

and at the fametime, the circular area will continue 

to widen, and grow darker. All which appear- 

ances are the natural and neceffary confequences of 

: the 
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Lz; the diyergency.or {preading, of the rays, occafioned _ 
XI, by their palfage through the glafs, for the farther. 
‘aver’ they go from, the glafs, the more they muft di- 

verge, and by fo doing, muft on all fides fpread 
themfelyes info the place of the fhadow, ts ren- 
der it equally luminous with the. reft of the area; 
and when they have {pread themfelyes a little be- 
yond the limits, of the fhadow,. they fall upon fuch © 
parts of the paper as were before inhghtned,, and 
there, by their additional light, exhibit that bright 
circle which furrounds the darker area; and the ° 
bright circle, by the farther {preading of the rays, _ 
as the. paper is more and. more removed from the 
glafs, grows broader and lefs Juminous ; as does 
likewife the circular area, from the {preading of 
the rays wherewith it is enlightned. 

Though concave glaffes do not collect the rays of 
light, and confequently, have nota real focus ; yet 
inafmuchas the rays after they have paffed through 
{uch glafies, do flow in fuch a manner as that they 
either tend to fome poigt behind the glafs, or ap- 
pear to flow from fome point before it, thofe points 
are ufually called the foci ; and in double concaves 
of equal concavities, the foc for converging rays are 
found, by faying, as the radius of the glafs’s conca- 
vity leflened by the diftance of the point of conver- 
gence from the glafs, is to the radius, fo is the dif- 
tance of the pointof convergence to the focus. And. 
the foci for diverging rays are found, by faying, as the . 
fum of the radius and the diftance of the point of di- 
vergence from the glafs, is to the radius, fois the 


diftance.of the point of divergence to the focus. So. 


that putting F for the focus, R for the radius, and 
D for the diftance of the point,of convergence, or 


divergence, F =r ‘the negative fign being to. | 


be prefixed to D when the rays converge, and the 
affirmative where they diverge, aietal 


The 
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‘The demonftration of this'\Theorem,. Uthall for: ~ | . | 

the prefent omit, on accqunt of it’s tedioufuefsand 

intricacy, and fhall clofe the lecture with this. ob= \<-.-—~ 

fervation ; that if rays which are..converging to- 

wards a focus be intercepted ;by a: concave Jens, 

. whofe diftance from the focus is equal to the radins 

of it’s concavity, after they have pafled through 

“the glafs, they will ceafe to converge and become 

parallel, for R and D being equal; R-—-D is 0; 

confequently, F is infinite ; that is, the point :to 

which the rays converge, is at an infinite diftance, 

and the rays of courfe muft be parallel. 
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| Y defign in this lecture, is to explain the Lec x. 
manner of Vision with the naked eye; and XXII. 
hikewife to fhew you, what affiftances'the fight re- Law 
ceives from glaffes ; and in order thereto, I fhall 
give you a fhort defcription of the eye. ree 7 
If. a {mall portion be cut off of a globe, and in 
the room thereof a portion of a fmaller globe, but. 
of an equal circular bafe be fubftituted, the com- 
pound will exhibit the true figure of the eye ; for 
it is of a globular form, but more convex before 
than in any other part. It.confifts of feveral mem- 
branes which lie contiguous oneto another, of which 
the outermoft is called the tunica aduata, or conjuiiti- 
va; it has it’s rife from that membrane which in- 
vefts the fcull, and it covers the whole ball of :the 
eye, except the foremoft tranfparent part 3 that 
portion of it which is vifible, iscalled the white of 
the eye. Befides, this membrane, -which is: not 
reckoned among the proper coats of the eye, there — 
are three others, which conftitute the proper coats ; 
the firft of which is called the /clerotéca, it 1s.a tough 


membrane 
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Lect. membrane derived “from the dura mater,» which 
XXIH. .paffes to the eye from the brain along with the op- 
tenn fick nerve, and is thence propagated over the whole 


Pl. 9. 
Fig. 12. 


globe of the eye; on the fore part ‘it becomes 
tranfparent like thin polifhed horn, which. has 
given anatomifts occafion to make two membranes 
of it, and to call the tranfparent part cornea ; ‘this 
part is reprefented by ABF. — | | | 

The fecond membrane, called tunica choroides, is 
derived from the pia mater, and tranfmitted like- 
wife from the brain along with the optick nerve ¥ 
this is much thinner and tenderer than the former, 
and tinged on the hinder part with a black liquor. 
The fore part -is called the wvea,.and fometimes 
the iris, from it’s variety of colours. Jn it’s middle 


isa {mall hole called the fight or pupil; the zris con- 
fifts of feveral circular-concentrick mufcular fibres, 


which are cut acrofs at right angles by other ftrait 


‘fibres in the manner of fo many radii; by the con- 


“1 ¥. traGtion’ of ‘the former the pupil is leffened, and is 
«= Inlarged by the contraction of. the latter. 


The third coat: is ufually called the retina, and 


_fometimes the nervous coat, being nothing ele but 
the optick nerve, which fpreads itfelf in the form of 


a membrane over the bottom of the eye, over- 
again{t the fight. Thefe coats lying contiguous, 


_ form a capfula or bag, wherein are. contained the 


three humours of the eye, called the agucous, the 
eryftalline, and the vitreous. ati sth Vie 

» Ata little diftance behind the pupil is placed the. 
eryftalline humour, which is convex on both fides, — 
but fomewhat flatter before than behind ; it is fup- — 
ported by {mall mufcular fibres, called the ciliary ii- 
gaments, whith are inferted into the edges of the — 
cryftalline humour at one end, and at. the other, 
into the funica choroides, and being clofely united, 


_ forma kind of membrane, whereby the cavity of 


the eye is divided into two parts ; in the foremoft 
of which is lodged the aqueous humour, fo called, — 
“oH 3 becaufe 
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hecaufesin:confiftence ‘and colour it foméwhat re: Ione ¥. 
fembles water, being almoft equally limpid “and XXII... 
tranfparent. Imthe hindmoft is lodged: the vitreous ——y— 
bumowr, which has it’s nanhe from: the:refemblanc 
itis fuppofed toibear tdsnieltediglafsne:. > mon 


- It has been generally thought by Anatomilts,'that 
the humours of stheseye are:of different: denfities; 
andthat the cryftallinesisomuchi more denfe than 
either of the .othertwo, but Doctor Rozimwsos 
has; informed) usin his) lecturé om the eye, thas 
upon weighing: thefe:.humours:! ianoan > hydroftarr 
cal balance, he found the 2gueous.and vitreous to be 


‘7 » # 
iad “ge *% 
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31sBehind all the coats.and: humoutsiisefituated the 
eptick nerve, which pafies out of the dkull throngha 
‘mallholein the bottom of :the ozd¢ which contains , 
the eye. , O reprefents: the optick nerve,; SS the fele- py, g; 
rotica or outermoft..coat, whofe foremoft’ tranfpa- Fig. 12:9 
rént part ABF, \is the cornea, CCis the choroides, the | : 
fore!part whereof; AP; and FP. conftitutes the wvee 
oniris,.with the;pupil:PP.in the middie; RRus ~~ * 
ithe retina, ATI and FE the ciliary ligaments, re 

the 
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the cry/talline hamour, V V the vitreous bumour, and 
W.W the wary bumoar. ! ) 


tommyom ». Underneath the white of the eye are inferted into 


Pl. 9. 
Fig. 13. 


Plxo.. if 


Fig. 14, 
Pl.i702:; 
Fig. 1. 


thes feleretica, fix mufcles,| which’ take theif. rift 
from different parts of the orbit, and are diftin- 
guifhed by different names; taken’ from the’ diffe- 


ent motions which they give the eye ; their ten- 


dons fpread themfelves over the /clerotica, fo as to 
terminate! in: the confines of the cornea, by which 
ameans,/ when the fix mufcles at together, they 
prefs the fides of the:eye towards:each othery where- 
by the eye is lengthened, ‘and at the fame time the 


each point muft take up‘ fome fpace ‘on ‘the-veiina, 
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and of confequénce, théfe which flow froth conti- Lb eB er. 
Suous points of the object, willbe mikéd and blend: X XIE 
éd together on thé farid of thé eye, fo'4s to exh CAA 
bit 4 confufed' reprefeptation of the object, © °°! 02 
_ Now forafmiuch 4s’ thé rays ‘which ‘fall upon thé 
eye from: radiating points; whofe diftanees from the 
eye ‘are different; Have different destéés of diver: 
gence, the divergeney Of the rays increafing 45 the 
diftatice of the radiating poilit' leMfens; and lefenine 
as that ‘increafeés s’ did‘ whereas ‘thofe- rays which 
have greater degrees of divergened requite a ftrone 
er tefractive’ power “to ° bring ‘them together at a 
Siven diftance; than what is requifite to make chofe 
_ fheet'which diverte le, ic is manife, thatein of 
der to fee objects GiftinGly at different ditanees, 
the eye muft-have a power of ‘ineréafing-and lefleh- 
. ing it’s refractive force, and thereby of adapting it 
felf to the different diltances Of objects’, and’ this 
it does by means ‘of the fix mufcles Which ate’ inh 
ferted into the /elerotica ; for when a radiating point 
is placed fo Heary as-that’ the rays Which iffae froad 
it fallupon the ‘eye with a Confidérablé Uesree GF 
_ divergence, the mufelés ‘act’ flronely on ithe ‘eye 
whereby the cornea ‘4s rendered moré convex,’ ‘and 
_ Of confequencts’ réfratts the rays with greater force} 

befides by the lengthening of the cye'from the joint 
action of the ‘nitifclés; the retina is teteved “to 
Greater diftance from the ‘corvea) by which - ebittri- 
.Vance, the‘ rays aré| made to eonvené at ‘the reste, 
notwithftanding ' the! great deste! uF» divergeade 
wherewith they enter ‘the eye. As’ the ‘radiatiné 
point recédes froth ‘the'eye, and’ the divergency-6 
the ray8/of courfe stows lef, the mofeles ¥élax thei 
{elves inorder toléffen the convexity Of the voraen, 
and to fhorten the €yé, a lefs convexity of thecarnez, 
as alfo'a lefs diftance between thé cornea and retind, 
being réquifite to diftin& Vifion in greater diftanées 
of ‘the object than in fmiallér, © 8 os 
GLsor xt tg serrusl 3 2th ke 
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Though moft mens eyesare fo framed as to be able — 

to fee diftinétly at different diftances, yet fome there 
are which are defective in this point, as being unable — 
to fee any thing diftinétly but, when placed very 
near ; and_ this. isthe. cafe, of. their eyes who are 
called myopes, purblind, or. fhort-fighted ; in fuch 
the cornea is too convex in proportion to the length 
of the eye,;. for which reafon, all thofe rays which 
iffue from diftant points, and of confequence diverge 
but little, when they enter the eye, are made to con- 


_-vene before they. reach the retina. As thefe men 


advance in, years,, their eyes like thofe of ,other old 
men, for want of a.due fupply of, humours, abate 
of, their convexity and -grow! flatter ; upon which — 
account they begin to fee objects diftinlly at a dif- 
tance, without the. help of fpeétacles, and are, for ~ 


- that, reafon deemed, to have the moft lafting eyes... 


Pl. 10. 
Fig. 2. 


.. By, the help. of concave glaffes, purblind perfons 
may fee diftant .objects diftinlly ; for as it is, the 
property of fuch  glaffes to. make the rays, diverge; 
if the rays,which. flow from.a.diftant point, and fall _ 
upon the eye with/a.fmall degree of divergence, be 
made to pafs through aconcave/ens of a proper ,con- 
cavity, ,they, will, thereby be, made..to diverge, fo 
much, .as..that the, eye, notwithflanding the.great 
convexity of \the cornea, fhall not be able to. bring — 
them together till they, arrive at the retina., .. .- . 
-,Af-CD beja,concave dens, and.if B be the focus.of 
the rays which, fow from the point A; that-is, if — 
the rays whichdivergefrom A, pafs through theglafs, _ 
and by the refraction which they fuffer in their paf- 
fage, proceed in ;fuch a manner as if they had. di- 
verged from. B; and if the diftance.at which, a 
purblind perfon fees diftinétly with his naked eye, — 
be equal to the diftance of B from the glafs, fuch a 
perfon will, by the help of the glafs CD, be able to 

fee the point A diftinétly ; becaufe the rays which — 
flow from A, after they pafs through the glafs, fallup. 
on his eye with the fame degree of divergence, a 
| ; : ; 
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if they ‘had iffted from’ B, the point of diftin& vis L.z.c7 
fion. ‘ Hence it follows,’ that if in the Theorem laid XXUI. 
down in my:laft leéture, ‘for finding the focus of —w—~4 
double concaves expéfed to diverging tays, hatnely 
EF = Ey Wherein’ F.denotes, the bia! i oe 
diftance of the point of ‘divergence, and.R.the ras 
dius ‘of the convexity, we fuppofe F to denote the 
diftance at which the purblind perfon fees diftinétly: 
without a‘6lafs,: and D the diftance at which he fees. 
diftinctly by the help of the glafs, by clearing R. 
we, fhall-have R =(Pop s that is to fay, the ~ 

_ radius of the’ concavity of a double. concave. of. | 
equal’ concavities,’ which inables a purblind perfon: 2: .\" 
to fee'an object diftinétly, when placed beyondthe <2 
reach of his naked‘eye, mult be equal to a reétangle,, 
under the diftance at which he fees diftinctly with 
his naked eye, and the diftance at which it is re- 
quired he fhould fee diftinctly by the help of the. 
glafs, divided by the difference of thofe diftances, . 
For inftance, if a perfon with his naked eye can 
read‘at the diftance of three inches only, and it be» 
required to find the radius of fuctia glafs as thall 
_inable him to read at the ufual diftance of eighteen. 
inches ; in this cafe, F being equal to three inches, . 
and D'to eighteen, their product is 54:3 which be-. 
ing’ divided by their difference, which'is 15, gives 
three ahd’ 3"in the quotient, which thews, that. 
eaieat of the glafs mutt be three inches and 3ths.. 
near Bide pa he . ' | " ‘ 
Wee “the diftance at which it is required the 
purblirid\perfon fhall fee diftinétly-is infinite, or in 
other words; where it is fo great, as that the diftance 
to which the power of his naked eye reaches, bears no. 
fenfible proportion to it, there D—F becomes equak 
to D, ‘arid’ of courfé, R becomes equal to F; to 
that in order to fee fuch objeéts as are very remote, 
Pilla Da purblind 
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L ¢ 7. purblind perfons muft make ufe of concave glaffes, 


XXII. whofe radii are equal to the diftances at which they 
wy~ fee diftinétly with their unarmed eyes. NVI 
_. 8 purblind perfons cannot. fee remote objects 
diftinétly, fo on the other hand, thofe whoare old 
cannot, generally fpeaking,’ fee fuch as are nigh ; 
the reafon of which is, that. in old men the. cornea 
for want of a due fupply of humour to lump out, 
the eye, has not a degree of convexity ufficient to, 
bring the rays together on the retina, when, they, 
fall upon the eye with a confiderable degree of di-. 
vergence ; as is the cafe of all thofe rays which flow 
from points,fituated near-the eye. The proper re= 
medy for this defect is a convex lens, becaufe it lef- 
fens the divergency of the rays, and brings. them. 
Pl. ro. nearer to'a' parellelifm.’ If “with. refpeét’ to. the, 
Fig 3- convex lens CD, A be the ‘focus of the rays, which. 
diverge from B ; that is t6 fay, if the rays which, 


flow from Band pafs through the dens, do afterwards, 
proceed’ in fuch a manner as if they had diverged. 
from A, and if the diftance at which an old man; 
ean fee directly with his naked eye, be equal to 


the diftance of A from the glafs, he will be able, :by.. 
the affiftance of the glafs, to fee the nearer point B., 
diftinctly ; becaufe the rays which iffue from. that,; 
point in paffing through the glafs, acquire the fame 

_ flegree of divergence, with thofe which fow from A,. 
the point® of *diftin@ -vifion, and of confequence, 
may as eafily be brought together on the retina, by , 
the refractive power of the eye; hence, if we take. 
the Theorem laid down in my laft le€ture, for find... 
ing the foci of double convexes of equal convexities, — 
and fit it to the cafe before us, where the focus is 
imaginary, by. making F = my if then ‘we 
fuppofe F to denote the diftance at which an old eye, 
fees diftinétly, and D the nearer diftance at which it, 
is required to make it {ee diftinétly. with the, affitt-\; 


. 
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ance of a glafs, by clearing R, we: fhall find it Le dr. 
_ €qual to = a So that the radius of fuch adouble St , 
convex of equal convexities as inables an old man 
to fee'a nigh object diftinctly, muft be equal toa 
rectangle under the diftance..at which, he, fees dif. 
tinétly with his naked -eye, and the-diftance at 
which he is'to fee by the help of the glafs, divided 
by the differencé of thofé diftances. To illuftrate 
this by an example ; fuppofe an old man cannot 
with his naked eye read at a lefS diftance than of 
four feet, and it is required’ to affign the radius of 
fpectacles which fhall.inable him to read at a dif- 
tance of a foot and an half; in this cafe, F is four 
feet, and D is one and an half, and their produc 
is fix, which when divided by their difference, tg 
wit, two and an half, gives 2-4 in the quotient ; 
which fhews, that the fpectacles muft be ground to ° 
a radius of two feet and four tenths. lee 
If F be infinite, which is the cafe where the eye 
can fee nothing but what is extremely remote, then 
F—D is equal to F, and of confequence, R is equal. 
to D; fo that where an old man can-fee no objects 
diftinétly but fuch as are very far off, in order to fee 
diftinétly at nearer diftances, he muyft for each dif- 
tance ufe fuch fpectacle glaffes as have their radii 
equal to the diftance. et: 


If D be given, then R becomes equal to as 


‘and forafmuch as the proportion of F to F—z in- 
creafes as F leffens, R mutt do fo. too, which thews,, 
that where the diftances at which two old eyes when 
unarmed can fee diftinétly are different, in order to 
make them fee diftinétly at any lefler given diftance, 
the eye which can fee at the {maller diftance, muft 
be furnifhed with a glafs of a greater radius than 
the other. And herein lies the whole fecret of 
younger’ and older {pectacles, eee bejng seed 

2 the 
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Lec r.the youngeft, which. are ground to..the largeft 
_ XX. radius: ~ Se ae te sh Pape: 


—~— Having fhewn you of what ufe both convex and 


i 


’ 


Pl. ro. 
Fig. 4. 


concave glafies are in affifting defective eyes, I thall 
now lay before you the alterations which they pro- 
duce in the appearances of objeéts ; and firft, as 
to convexes ; if an object be viewed through a convex 
fens, ata lefs diftance than the focus, it appears more 
remote and'bigeger than it does to the naked. eye. 
That it muft appear more remote, will be evident, 
af we confider what has been already proved in a 
former lecture, namely, that where rays fall upon a 
convex lens, froma point lefs diftant than the focus, 
after they have pafied the glafs, they proceed in fuch 
a manner as if they had iffued from a more diftant 
Oint’; “and fince this is thé cafe of the rays ‘which. - 
Row foi each point in the object, the object muft 
of confequence feem to be more diftant than it is 5, 
and it muft likewife appear greater; for if AB. be. 
an object expoted to a naked eye at O, it’s extreme 
points A and B will be perceived by the eye by, 
means‘of the rays AO and BO, which flow directly 
from thofe points to the eye, but if a convex lens as, 
C, be“interpofed, the eye will no longer perceive 
the extremities’ by means of the rays AO and BO, 
becaufe “as ‘they are retracted by the Jews, they are 


t d 


’ made t6 concur before they can reach the eye ; the. 


eye therefore muft now perceive thofe points by 
means of,fome,other.rays as-AE and BD, which 
falling upon the glafsata ee from.each 
other; “are “by the’ ‘refractive “power of ‘the’ glafs 
thrown ‘into’the directions EO and'DO, and ‘made’ 
to coh dF at‘ OR fo'that continuing thofe'lines ‘di- 
rectly-backwarll as-fat as'the objeét, to wit to Tand 
Hy; the eye aOowill Perceive: the’ extreme points 
of the object as fittiated at ‘land H; ‘thar is, it will 
perceive the objecB magnified. And if the eye be 
fartherremoved from the glafs fuppofe to P, ‘the ob- . 
ject will appear ftill greater; it’s extremities in: a 
wise it | cafe 


* 


bi at ieee eer rin i si 23 Y 
cafe appearing at L and K in the lines PG and PF Liz er: 
produced. And. on the otherhand, if the eyecon-- XXII. 
tinuing in it’s plate, the object be farther removed —~— 
from the Jens, it will appear larger; for whereas at Pl. 10. 
the nearer diftance the eye perceives the extreme “78° 5° 
points of the object by means of the rays AE and 
BD, which fall upon the /ens at E and D, and are 
thence refracted to O ; when the object is at the 
greater diftance, it’s extremities cannot be feen’ by 
means of the rays incident on the glafs at E and D; 
for fince the interval between the extremities con- 
tinues the fame, the rays which flow from them and 
fall upon the /ens at KF. and D, will diverge lefs at a 
greater diftance of the object than at a fmaller ; 
confequently, they will concur before they reach 
the eye ; and therefore in this cafe the extreme 
points of the object muft be conveyed to the eye by 
fome rays as aG and bF, which diverging more 
than the former, fall without them at G and. F, 
whence they are refracted to the eye at O, in the 
lines G O and FO, which being continued back- 
ward as far as the nearer diftance of the object, to 
wit to L and K, fhew that the object which at the 
_ nearer diftance appeared to extend itfelf only from 
Ito H, does at the greater diftance’ feem to reach 
from Lto K, and of confequence, appears more 
magnified. Ha | : 

If the object be removed beyond the .focus, it 
will appear {till greater ; but whereas before it paffes 
the focus it appears diftinét, as alfo more and more 
diftant the farther ir is removed from the glafs, 
when it gets beyond the focus it appears confufed, 
and the farther it is removed from the glafs, the 
more confufed it appears, and the nearer it feems 
to approach the'eye, provided it’s diftance from the 
glafs be not fo great as to make it project it’s image 
between the eye and the glafs. | 

This feeming approach of the object at a time 
when it really recedes, and s a cafe, where, accord- 
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L £ cT. ing to the received principles of Dioptricks, it ought 
XXII. peg hi fs at a diftance, 1 poftibles more than Pe. 
rw nite, has very much puzzled the Writers of Opticks, 
and was looked upon as an infuperable difficulty, 
till Doétor BERKELEY took it into confideration 
in his Effay upon Vifion, wherein, among other dif- 
ficulties which he has cleared up relating to yifion, 
he has given us a natural and fatisfactory account of 
this. The fubftance of what he has there delivered 
concerning this matter is, that by cuftom and expe- 
rience we are taught to judge thofe objects near 
which appear confufed, becaufe according to the 
ordinary courfe of nature, thofe objects, and thofe 
only, appear confufed which are brought very near 
the eye; and therefore if an object thall at any 
_ time appear confufed, though from another caufe, the 
- mind will immediately connect nearnefs of diftance 
in the objeét, with that confufion in the appearance, 
as having always experienced them to go together ; © 
and the greater the confufion is, the nearer it will 
judge the object to be, becaufe it has always obferv- 
ed the neareft diftances to be attended with the 
greateft confufions ; now if in the cafe before us, 
Pl,1o. we fuppofe A to be an object placed before the 
Fig.6. convex lens BC, at a greater diftance than the focus, — 
the rays after they have paffed through the glafs will 
converge towards fome point as D ; if then an eye 
be placed at a little diftance behind the glafs, fup- 
pofe at E, it will perceive the object confufed, be- 
caufe as the rays fall upon it converging, they will 
_ be made to meet before they arrive at the fund of — 
the eye, and confequently, will be fcattered on the - 
retina, and thereby render the appearance confufed ; _ 
if the eye be moved gradually backward to F, G, 
and D, or which is the fame thing, if by carrying 
the object forward, the rays be made to fall upon — 
the eye at lefs and lefs diftances from the focus, they 
will be {cattered more and more upon the retina, be 
| : | caufe 
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caufe the convergency wherewith they fall upon the Lz c 1° 
eye is by fo much the greater, by how much thé XXII. 
nearer theieye is placed to: the focus or the point D ; —~— 
confequently, the object as it is more and more re- 
moved from the glafs, will appear more and more 
_ confufed ; for which reafon, the mind ‘which has 

been ufed to conneét neater diftances with greater 
degrees of confufion, ‘will in this cafe, judge the ob- 
ject to approach, though in reality it ‘recedes ; and 
what fully confirms this is, that if by placing a’ 
concave glafs at a proper diftance' between the eye . 
and the convex, the convergency of the rays be taken 
_ off, and the appearance thereby rendered diftina, 
the object will then appear at it’s due diftance. 
If an eye be removed from a convex lens beyond 

the place where the image is projected, that is, if 
the eye be farther from the Jens than is ‘the point Pl. 10. 
D, the object will appear in an inverted pofition, Fig. 6. 
and feem to be fituated between the eye and the 
glafs; for in this cafe, the eye fees only the 
image or reprefentation of the object, which, as I 
fhewed in a‘former lecture, is projected at'D in an 
inverted pofition ; upon looking ‘at the image with 
_ both eyes, it appears double, and upon fhutting ei- 
ther eye, the image on the contrary fide difappcars ; 
the reafon of which is this, the ¢ye at O perceives 
the image by means of the rays ODC, ' and there 
_ fore fees it on the fame fide with C, whereas the 
eye at P perceives it by means of the rays PDB, 
and on that account fees it on the fame fide with B ; 
as the head is moved farther back, the diftance be- 
tween the two images meft decréafe, ald at length 
vanifh ; for fince the interval between the eyes con- 
tinues unvaried, the rays which exhibit..the image 
to each eye, will diverge lef$ and lefs as the head is 
more and more removed from D, as is evident 
from the bare infpéction of the fcheme ; confe .~ > © 
quently, the diftance bétween the two images muft 
aS | | PS WUY Up dey 1864 G6neirually ‘ 
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, . 7 continually decreafe,: and,.at Jaft become: forfmal 


» as to be infenfible; » add down ob ye ai | 
,_, As to, concave. glaffes,. fince it is their property » 

to make the rays ‘which, flow. from -any: point- 

to diverge, in fuch a manner as:if. they had. iffued 

froma point lefs diftant, itis evident; that an objeét 

feen through a concave lens. mutt appear nearer than 

it really is, and it mutt likewife appear diminifhed ; 

Pl. te. for the extreme points of the, object AB, are feen 
Fig. 7. by the naked eye by means of -the rays AO and 
BO, which when the concave lens CD is interpofed, 

are made. to.diverge, fo.as.not.to meet at O, confe- 

quently, upon, the interpofition of the glafs; the eye 

will not perceive. the extremities of, the abje& by 

thofe rays, but by fome- others as AK and BL, 

which falling within the former, are'by the refrac- 

tive power of the glafs, made to proceed in the © 

lines KO and LO, {fo as to.meet at O; wherefore 
continuing OK and OL, backward to the objeét, 

the extremities of. the objeét wil! be feen at E and. 

 £, that is, the object will appear to be lefs than it 

really is ; and by the fpreading of the rays in their. 

paflage through the glafs, fome of them are made to 

efcape the eye, which if the glafs were removed, 

would fall upon the pupil; for which reafon, the 

object mutt appear Jefs luminous ; fo that the pro- 

perty of concave glaffes is to. make objects appear 

imaller, nearer, and more faint and obfcure, than. © 


they do to the naked eye, 
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Lecr, JN this le€ture, wherewith I fhallclofe this courfe, 
AXIT, I fhall explain to you the Dofrine of Catops) — 


tewmyonnd TRICKS, OF that part of Opticks which treats of the 
| ff reflexion 
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reflexion of light ; in doing of which, I thall firft Lz cr. 
fay fomething concerning the caufe of that reflexi- XXIII. 
on; fecondly, I fhall lay down two principles, —~—~ 
which are the chief foundation of Catoptricks’, and 
laftly, I fhall:lay before you the moft remarkable 
properties of plain and {pherical mirrors. . 
- + As to the fete before Sir Isaac Newron pub- 
lifhed thofe’ wonderful and furprifing difcoveries 
which he made, concerning the naturé and proper- 
ties of light, it was an opinion generally received 
by the writers of Opficks, that the rays of light 
were reflected’ in the manner of other bodies, by 
ftriking on the folid and impervious parts of bodies ; 
but that great Philofopher has fully proved this opi- 
nion to be erroneous; and has fhewn, that the par- 
ticles.of light are turned back before they touch the 
reflecting body, by fome power of the body which 
is equally diffufed all over it’s furface ; what he has’ 
delivered concerning this matter, is to be met with 
in the eighth Propofition of the fecond Book of bis 
Opticks, wherein, after he has offered feveral reafons 
to prove, that light is not reflected by ftriking a- 
gainft bodies, he at laft expreffes himfelf in the fol- 
lowing manner; “ Were the rays of light reflected 
-“ byimpunging on the folid parts of bodies, their re- 
*¢ flexions from polifhed bodies could not be fo re- 
“¢ gular as they are ; forin polifhing glafs with fand, 
** putty, or tripoly, itis not to be imagined, that’ 
** thofe fubftances can, by grating and fretting the 
** glafs, bring all it’s leaft particles to an accurate 
*¢ polifh, fo that all their furfaces fhall be truly plain, 
* or truly fpherical, and look all the fame way, fo . 
“¢ as together to compofe one even furface. The 
‘© {maller the particles of thofe fubftances are, the 
“ fmaller will be the fcratches by which they con- 
* tinually fret and wear away the glafs until it be’ 
“ polifhed, but be they never fo fmiall, they can wear 
_ away the glafs no otherwife than by grating and’ 
. © fcratching 
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Lect.“ fcratching it, and breaking the. protuberances, 
‘XXIII. “ and therefore polith it no otherwife than by bring- 
Uwu “ ing it’s roughnefs to a very fine grain’; fo that. the 


‘© fcratches and frettings of the furface become too 
“* {mall to be vifible. And therefore, if light.were 
<* reflected by impinging on the folid parts. of the 
“¢. glafs, it would be {cattered as much by the moft 
“< polifhed glafs, as by the rougheft. . So then it re- 
“* mains a Problem, how glafs polifhed by fretting 
“* fubftances can reflect light fo regularly as it does ; 
“* and this Problem is {carce otherwife to be folved, 
*« than by faying, that the reflexion of a ray is effeét- 
** ed, not by a fingle point of the reflecting body, 
“* but by fome power of the body, which is evenly © 
“< diffufed all over it’s furface, and by which ita&ts _ 


“© upon the ray without immediate contaét.”’ 


Now taking it for granted, that this repelling 
power is the true caufe of reflexion, if it be {up- 
2ofed to act upon the rays.of light in lines perpen- 
Sicular to the furface of the reflecting body ; it 
will thence follow, that the angle of incidence, or 
the angle contained between the incident ray, anda | 
Jine drawn perpendicular to the reflecting furface at _ 
the point of incidence, is equal to the angle of re- 
flexion, or the angle contained between the fame 
perpendicular and the reflected ray. For if we fup- 
pofe a ray of light to move in the direction AC, 
towards the reflecting furface BCD ; and if we fup- 
pofe that motion to be refolved into two, one in the 
direction AF, parallel to BD, and the other in the — 
direction AB, perpendicular to BD, it is manifeft, 4 
that of thofe two motions, the latter only is oppof- 
ed to the repelling force; and of confequence, the 
ray after rehetion, will go on in the parallel direc- 
tion, with the fame velocity it did before ; and for- _ 
afmuch as the repelling force which oppofes the per- 
pendicular motion, acts inceffantly, it no fooner de- 
itroys the motion of the ray towards the body, but — 


it. 


_ it gives‘it an equal degree of motion the contrary 

way ;, that is, it throws it back with the fame per- 
pendicular velocity wherewith it approached. if 
therefore EG be taken equal to AE, and from G 
be let fall GD equal and parallel to AB, EG will 
exprefs the paralle] motion of the ray after reflexi- 
on, and DG it’s perpendicular motion ;-and the 
diagonal line CG, will be actually defcribed by the 


ray, by vertue of it’s compound motion; and from: 
ys DY 


the nature of fimilar triangles, the angle of inci- 
_ dence ACE, muft be Y  ige to ECG, the angle of 
reflexion ; and this is the firft of thofe principles 


_ whereon the doétrine of Catopiricks is founded. The 


fecond is, that every radiant point when feen by 
reflexion, appears in that place where the reflected 
ray meets the perpendicular, drawn from the radiant 
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point to the reflecting furface ; for inftance, if from PI. 13. 
_ aradiant point as R, placed before the plane /pecu- Fig. 8. 


culum AB, be let fall the line REM, perpendicular 
to the plane of the /peculum; and if RC and CD 
be fo drawn, as that the former may denote the inci- 
dent ray, and the latter the reflected ; and if DC be 
continued on, till it meets the perpendicular REM; 
an eye at D will perceive the radiant point, as 
placed at M, the point of interfection of the reflect- 
ed ray, and the perpendicular ; and thus it is in all 
cafes of reflexion, except two, wherein this prin- 
_ ciple feems to fail ; one whereof relates to plain 
glafs /peculums, and the other to concave {pherical 
mirrors; the latter has been obferved by Taquert, 
Doctor Barrow, and others; but the former has 
not been mentioned by any one of the optick writers 
that I know of ; I fhall take notice of each in it’s 
roper place, and proceed now to confider the chief 
RIPBAS of mirrors, and firft, of fuch as are 
ain. Z 
, When an object is feen by reflection from a plain 
saeHie™ ‘it’s image appears as far behind the /pecu- 
win, as the object is before ; for the proof of a. 
et 
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Lz cr. let R be an object placed before the plain ‘[peculust 
-XXIIL AB, and let it be feen by reflexion from the point 
m~ C, by an eye fituated fomewhere in the line CD; 
Pi. 10. then producing CD, till it meets the perpendicular 
Fig-9 REM, the image. ‘will, by the fecond principle, 
appear at M ; now the ‘angles of incidence and re- 
flexion being ‘equal, their complements are fo too, 
that is to fay, thé angle RCE is «qual to DCB or 
MCE;; fo that in the two right-angled triangles, the 
angles at C being equal, and the “fide EC common 
to both, the triangles muft be equal, and the fide 
ME, that is, the diftance of the image behind the ~ 
{peculum, muft be equal to RE, the diftance of the — 

object before the /peculum , and’ the fame thing i is in 
like manner demonftrable, though the point of re- ~ 
‘flexion be taken different from C; for the reflected 

ray will conftantly meet the perpendicular in the - 
— point M ; whence it follows, that however the fi- - 
tuation of the eye with refpect to the mirror may 
he changed, yet if the objet and mirror remain — 
unmoved, the image will always appear in the fame _ 

place ; it likewife follows, that there cannot appear — 

more than one image of one and the fame object ; 
but then this is to be underftood with refpeét to fuch — 

mirrors, as being opaque, have but one reflecting 

furface ; for in looking- elaffes, which by reafon of 

their ‘tranfparency, have a double reflexion in fome — 
certain pofitions of the eye and object, feveral — 
P!.10.' images may be feen. Thus if AB bea looking- — 
Fig.10. glafs, R the flame of a candle, placed at a fmall — 
Exp. 1. — diftance before AH, the plane of the glafs produced, 
an eye being placed at Q, fhall fee feveral images 
ftanding at {mall diftances one beyond another, in — 
the fame pofition with the letters C, D, E, F, — 
whereof the firft and fecond appear bright "and Iu 
minous, and the reft but faint and obfcure ; for the © 
feveral images taken in their order from the fecond, — 
grow more and more dark and obfcure, till at length ‘ 
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they become too weak and feeble to, affect the fight, Lr c T- 
and of confequence,vanifh, 900 XXII. 
In order to account for this, multiplicity of U\-~W 
images, let ABCD be alooking-glafs, whofe near-.Pl. 10. 
eft furface,.or that which lies next, the eye is AB, M8 ' 
- andi it's, farther. or. filvered furface.is DC, R the. 
place. of 55 aaa eae Q the place ‘of the eye,, 
RS a line drawn fiom the candle~ perpendicular: to 
AO and DY the two'furfaces of the glafs produced ;, 
the angle REA being made equal to QEB, and ~ 
the line QE. being. produced till it.cuts the perpen- 
dicular RS in T’,, the eye fhall. fee the firft imageat 
T, by means of the reflexion from the outward 
furface AB, the ray RE being refleéted to the eye 
from the point pabigaieh BAPE SpE tay as RG, pafs 
into, the glafs at G, and being refracted to the point 
Hi of the farther furface, Jet it thence be refleéted to. 
K,. and there paffing out of the glafs, let it by re-. 
fraction be carried to the eye; Jer then QK be pro-. | 
duced, and the eye fhall fee a fecond image fituated. 
in that line, and that ata little diftance beyond the 
perpendicular RS; for if the rays fuffered no re- 
fraction in paffing in and out of the glafs, the fe 
cond image would not be feen by means of the 
_ Yay RG, but by means of the ray RH, which pat 
_ fing directly from R to H, is thence reflected di- 
rectly to Q, and being produced till it cuts the per- 
Symi in X, would exhibit the fecond image at 
; but forafmuch as the place of the image is 
changed by the refraction, and brought nearer to the 
glafs, if we fuppofe the line QX to be moved upward 
about the point Q, till it coincides with the line 
QV, in which the fecond image really appears, the 
point X muft neceflarily fall beyond the perpendi- 
cular, and fo of confequence muft the place of the 
image., Let now a third ray as RF, pafs into the 
glafs at F, and be refracted to L, and from thence, 
let it be reflected to, and from E to M, and from 
~ MtoN, where let it go out, and be refracted to 
the 
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Lec. the eye at Q ; then producing QN to W, a third 
XXIII. image will appear in that line fomewhere beyond | 
texapnand the perpendicular; for were there norefraction, the 
ray which after three reflexions exhibits the third 
image, would, when produced, cut the perpendi- 
cular in the point S ; and therefore, fince the line — 
QS is raifed up by the refraction, and made to co- — 
 incide with the line QW, the point S, that is, the 
- place of the third image, muft fall beyond the 
perpendicular, oe Ress 
As a third image is feen by means of three re- 
flexions, fo is a fourth, by five reflexions, a fifth 
by feven, a fixth by nine, and fo on, according to — 
the progrefs of the odd numbers, every fucceeding 
image being feen by two reflexions more than the 
receding ; and this is the true reafon, why fetting 
_afide the firft and fecond, which being feen each by 
one fingle reflexion, appear almoft equally bright, 
every fucceeding image appears more dim and faint 
than the foregoing, the rays of light being teridered. 
more weak and feeble by reflexion, © 
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‘If two plane /pecu/ums as AB and CD, be fet pa: 
rallel to one another, and an object be placed any 
where between them as at E, the rays of light. 
which iffue from the object and fall upon each /pecu-_ 
him, will be refleéted backward and forward from 
One to the other a great number of times; by which. 
means, there will appear in each /peculum, a great 
number of images fituated one behind another, in 
a right line perpendicular to the /peculums, and paf- 
fing through the objet at E; in order to ie 

the 
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Le ct. the diftahces of the feveral images from the /pec#- 


XXII. 


lums, \et EY, the diftanceof the object from the 


wy fpeculum AB, be denoted by X, and let ZY, the 


ey « 4 


‘interval of the glaffes be denoted by D; and let us 


™ firft confider the reflexion which begins from the 
fpeculum AB, if YF be taken equal to X, then F 


will be the placeé‘of the firft image ; and forafmuch 
as the image at F may be looked upon as an object. 
placed before the /peculum CD, if ZM be taken 
equal to FZ, that is; to D4-X, there will appear 
an image at M; which being confidered as an ob- 
ject with refpect to the other fpeculum AB, and. 
YH being taken equal to MY, or 2D+X, another 
image will be feen at H; and for the fame reafon, 
if ZO be taken equal to HZ, or 3D+X, there 
will another image appear at O, and fo on; again, 


- if we confider-the reflexion which begins from the 


fpeculum CD, by taking ZL equal to EZ, or D—=X;, 
we fhall have L for the place of an image in the 
Speculum CD; and by making YG equal to LY, 
or 2D—X, we fhall have the place of another 
image in the /peculum AB ; and again, by taking 
ZN equal to GZ, or 3D—X, we fhall have the 
place of another image in the /peculum CD, and fo 
on. From this manner of determining the places 
of feveral images, . it is evident, that if D, which 
ftands for the diftance of the glaffes, be multiplied 
into each of the even numberstaken.in their order, 
and if X, which denotes the diftance of the object 
from AB, ,be fubducted from, each, produét,; atid 
likewife added: to. each, the. differences,,and ithe. 
fums taken in their order, will exprefs the diftances, 
of the feveral images from the, /peculam, AB, the, 
diftance of the‘ firft being X 3, that is to fay,; the 
diftance of the'fecond image will be 2D-+-X,, ofthe 
third 2D+4X, of the fourth 4D—X,, ofthe fifth: 
4D+-X, and fo on, according to the firft ‘Lablew:.): 
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saree 


+ Leen 


| Sy HABITS Bet 
Diftances of the Lt Bgl Sa from the fpeculum 
| AB, ; 


> aes 
2D—X 
2D+-X 
4D—X 
~4D4+-X 
=— 6D—X 
= 6D+X 
—8D—X 

&c. 


If D be multiplied into each of the odd numbers 
taken in their order, and if X be deduéted from 
each produét, and likewife added to each as before, 
the differences and the fums taken in their order, 
will exprefs the diftances of the feveral images from 
the fpeculum CD, as in the fecond Table. 
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The diftances of the feveral images from the {peculum 
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If by moving the object nearer to A B, x be- 


comes lefs, then all thofe images whofe diftances 
are exprefied by thofe fymbols wherein X is af- 


_ firmative, will come nearer to the /pecu/ums, whiltt _ 


thofe whofe diftances are exprefled by fymbols 
~: Z - wherein 
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Ic. wherein X is-negative, move farther off ; thus in — 
XXIII. the fpeculum AB, the firtt, third, fifth, feventh, — 
~—+— and {fo on, will approach, and the fecond, fourth, — 
fixth, eighth, and fo on, will recede 3 fo that the 
" feveral images, beginning from the firft, will ap- — 
proach and recede alternately ; and on the other 
on thofe in the /peculum CD, will recede and 
approach alternately, beginning; from the firft ; 
hence, if a man puts his hand between the two — 
fpeculums, and moves his palm towards one of — 
them, a perfon looking into the. other, fhall fee 
Pl. yo. feveral pairs of hands, palm to palm, approaching 
Fig. 12.2 Caen Oteh.s vas. ‘ : 

mathe If two plane fpeculums as AC and BC, be in- | 
clined to.one another, fo as to meet in att acute © 
“angle at C; and if an object be placed any where 

between them, fuppofe at F’, an eye looking, into 

either, fhall fee feveral images ftanding in the cirs 

cumference of acitcle, whofe center is at-C the con~ 

courfe of the /peculums, and it’s radius equal to CF 

the diftance of the object from the concourfe 5 for 

if from F be drawn FD perpendicular to the fpecu- 

lum CA, and KD be made equal to FK, D will 

be the place of an image in the foeculum CA ; and 
if from D be drawn DE perpendicular to the [pe- 

culum CB, and prodticed till HE is equal to DH, 

E will be the place of an invage in the /peculum CB, 

and thus by drawing perpendiculars continually from 

the place laft found to the oppofite fpeculam may the 
places of all the images be found which are feen by - 

means of thofe reflexions, the firft whereof is made 

from the fpeculum CA; and in the fame manner, 

by drawing the perpendiculars FG, GL, and fo on, 

may the places.of all thofe. images be found which 
are feén by means of the reflexions whereof the firft ; 
‘ig made. from the jpeculum CB. Now ‘that’ ‘the © 


Exp. 2. 


points D and E are in the circumference of’ the 
circle whofe radius is CF, 1 thus prove, in ‘the tri-” 
angles CFK and CDK, the fides PK and DK a 

: equal 
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equal by the conftruétion, and CK is common to Lr cr. 
both, and the angles at K are right ones, where- XXIII. 
fore the two triangles are equal, and of confequence Wan 
CD is equal to CF ; again, the triangle CDH js 
equal to the triangle CEH, the fides DH and EH 
being by conftruction equal, as are alfo the angles 
at H, wherefore CE is equal to CD, which is equal 
to CF, confequently, a circle defcribed on the cen- 
terC, with the radius CF, will pafsthrough the points 
D and E ; and by the fame way of reafoning it 
will be found to pafs through Gand L, and through 
the extremities of all the other perpendiculars ; and 
therefore the feveral images mutt of neceffity appear 
in the circumference of a circle whofe center is at 
the concourfe of the /peculums, and whofe radius is 
equal to the diftance of the object from that con- 
courfe, From what has been {aid it follows, that 
af the diftance of the object from the concourfe of 
the /peculuims be given, the images will {till appear 
“4n the circumference of the fame circle, notwith- 
_ ftanding any alteration that may be made in the 
angle whereat the /peculums meet; if that be in- 
larged, the images will be fewer in number, and at 
Sreater diftances from one another; and on the 
_ other hand, if it be made lef, the images will be 
more in number, and ftand clofer together, but the 
circle in whofe circumference they appear, will be 
the fame in both cafes ; for that is not to be leffen- 
ed or inlarged otherways, than by leffening<or in- 
Jarging the diftance of the object from the con- 
courfe of the./peculums, | 
~ Having laid before you the chief properties of 
plain jpeculums, I come now to confider fuch [pect 
tums as are {pherical ; and they are of two forts, 
concave and convex; concerning which it mutt be 
obferved, that as all the rays which fall upon them 
from a radiating point, are reflected in fuch man- 
herasto meet the perpendicular very nearly in one 
and the Jame point; in , to find out the focus, 
«t . 2 OP 
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Le cT. or theplace where the reflected rays crofs one another 

XXL nothing more is neceffary, but to determine the 

~~ point wherein any one reflected ray meets the per- 
pendicular ; which may be done in the following 

Pl, ro. manner; let A be a radiating point, expofed di- 

Fig. 13. reétly before the concave glafs FG, whofe center is 
C, ABa perpendicular from the radiating point to 
the /peculum, which likewife denotes the diftance of 
the radiating point from the /peculum, AD a ray 
falling on the fpeculum at D, whofe diftance from 
B is indefinitely fmall, DE the reflected ray meet- 
ing the perpendicular in E, CD a radius drawn to | 
the point of incidence, and of confequence. biffect- _ 
ing the angle ADE in the triangle ADE ; fince the — 
angle at D is biffected by the line DC, which cuts - 
_the oppofite fide, AD is toDE, as AC to CEs 
but forafmuch as the points D and B are fuppofed 
to be indefinitely near, AD is equal to AB, and 
ED is equal to EB, wherefore AB is to EB, as AC 
is to CE; that is, the diftance of the radiating 
point from the /peculum, is to the diftance of the 
point E, where the reflected ray cuts the perpendi- 
cular, commonly called the port of interfection, as — 
the diftance of the radiating point, leffened by the 
radius, is to the radius, leflened by the diftance of © 
the point of interfection ; that is, putting D for 
the diftance of the radiating point F for the dif+ — 
tance of the point of interfection and R for the 
yadius, D : F : : DR: R—F3 confequently, © 
reducing this analogy into an equation, and clear- 


ing F, F will be found equal to — that is, 


the diftance of the point of interfection from the — 
fpeculum, and confequently, the diftance of an image — 
formed by reflexion from a concave /peculum, is ‘ 

~ equal to a rectangle under the diftance of the object — 
from the /peculum, and the radius, divided by twice — 

_ the diftance of the objeG leffened by the’ ee ; 
diner! ap ence — 
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Hence it follows, that if an object be placed before Lr c rT. 
a concave /peculum, at an infinite diftance, that is, XXIII. 
if the diftance be fo great as that the radius of the —~—~ 
fpeculum bears no fenfible proportion to it, the image 
will appear on the fame fide of the /peculum with 
the object, at the diftance of one half the radius from 
the /peculum ; for in this cafe, D being infinite, 
2D—R becomes equal to 2D, and of confequence, 
_ F is equal to R divided by 2 ; fo that one half the 
yadius is the leaft diftance at which an image can be 
projected from a concave /peculum on the fame fide 
with the object; and forafmuch as the fun’s image, 
which, by reafon of the immenfe diftance of his 
body, is formed at the diftance of half the radius 
from the /peculum, is there apt to burn, that place 
* is ufually called the focus or burning point. 
-» As the object approaches the /peculum, the image 
recedes ; for as in one and the fame /peculum, the 
radius is a ftanding quantity, it is manifeft, that as 
D leffens, the proportion of DR to 2D—R_ mutt 
increafe, confequently, F, or the diftance of the 
image from the /peculum muft do fo too; and when 
the object has approached fo near the /peculum as to. 
be at the center, the image will have receded fo far 
as to be there likewife ; for in this cafe, D being 
equal to R, 2D—R is equal to R, and of confe- 
quence, F is equal to D; fo that the object and it’s 
image meet at the center of the /peculum ; upon the 
objects paffing from the center towards the glafs, 
the image is projected beyond the center, and when 
the objeét has approached fo near the /peculum, as 
to be diftant from it but half the radius, the image 
js at an infinite diftance ; for in this-cafe, D being 
equal to half the radius, 2D—R is nothing, confe- 
quently, F, that is the diftance of the image, is 
infinite ; or to fpeak more properly, the rays after 
reflexion proceed parallel ; for which reafon, if the 
‘flame of a candle be placed directly before a con- 
: Z 3 cave 


&” 
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Lene t.cave /peculum, at the diftance of:half the radius, — 
XXIII. the /peculum will feem to be in flames, and the res 
WYN flected light will be fo intenfe, as that by the help of 

it one may be able to read at a very confiderable dif. 
tance from the /peculum, ‘Taquet aflerts, that he 
has read at the diftance of no lefs than 400 feet} and 
to fay the truth, the diftance would be without li+ 
mits, wére it not for the atmofphere, whofe. par- 
ticles continually intercept the rays, and by; fo do- 
ing, at length totally extinguifh the light.) It fome- 
times happens, that when the flame of a candle js 
placed in the focus of a concave /peculum, it’s wmage 
1s projected on a diftant wall, which feems to inva- 
lidate the truth of what I juft now proved. con- 
cerning the parallelifm of the rays after reflexion, 
-but this is occafioned by the flame’s being too. large 
to be contained totaly within-the focus, for wereit 
fo {mall as to lie wholly within the focus, it would 
not project an image, but. the rays after reflexion; 
would form a. cylindrical: body. of lights; which 
when projected on a diftant wall, would havéacirs 
cular figure, of an equal circumference: with: the 
speculum. Ol irodcnt) IG Vihwd are Sri 
~, When the diftance of the object from the s/pecui 
lum is \efs than half the radius, the image appears 
behind the jpeculum , for in this cafe, 2D—R is a 
negative quantity, and of ‘confequence, \fo is -F, 
which fhews, that the diftance of the image-which 
is denoted by F, mutt be taken on the other fide 
of the /peculum, with refpect to the object; as the 
object moves nearer to the /peculum before, fo like: 
wile, does; the'image behind; and when the objec 
is {0 near a8 fo touch the /peculam, the image: does 
the fame ;\for in this ¢afe, D being nothing, F, 
that is, the diftance. of ‘the image from the fpecu- 


jun is likewife nothing. “ oath ot 4s anae 
o JAS to the pofition of the images which arefeen 
by reflexion; from a concave /peculum, thofe which 
ae a) oe appear 
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appear on the fame fide of the /peculum with the Le cT. 
objet muft be inverted, and thofe which appear XXUI. 
behind the /peculum mutt be erect. For the proof —~v—~ 
of which, let AB be an object placed before the 
concave fpeculum FG, at any diftance beyond the 
center C, in which cafe the image will be 4een be- 
tween the center and the /peculum, fuppofe at DE ; 
from A and B, the extreme points of the object, 
let the lines AH and BI be drawn perpendicular to 
the /peculum, and of confequence croffing one ano- 
ther at thecenter ; this being done, fince the image 
is fuppoféd to be at DE, and fince every point of 
an image is feen in the perpendicular drawn from | 


the correfponding point in the object, it is manifeft, 


that ‘D, the Joweft point of the image, will corre- 
{pond to A, the higheft point of the object, and E, 
the higheft point of the image, will correfpond to 
B, the loweft point of the object, that is, the 
image will appear inverted. And by. the fame 
way. of reafoning,: if DE’ be the objeét, fituated 
at fuch.a diftance between the /pecuium and the 
center, as to. have it’s image projected beyond 
the center at AB, ‘the image muft appear in- 
verted. On the other hand, when an object 


as DE, is placed between the /peculum and the 
center, and confequently, projects an image be- 
hind the /peculum 5 for it muft be obferved, that 
the fame object DE, which when fituated be- 
tween the center and the /peculum, .at a lefs diftance 
from the center than half’ the radius, projects an — 
“mage as AB beyond the center, does likewife 
“project. another image as FH, behind. the pecu- 
dum and as the former image is,vifible.to an eye. 
‘placed, beyond it, fo'the latter image is vifible to 
an eye placed between the object and the /peculum, 
and it mutt appear ereét, inafmuch as the perpendi- 


colar CHa which, palles through D the lugnelt point 
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of the object, does likewife pafs through H, the — 
higheft point of the image. oe 

As to the magnitudes of an object and it’s image, 
they are to one another in the fame proportion with 
the {quares of their diftances from the fpeculum ; for 
if the line LCM be drawn through the center C, per- 
pendicular to BA, DE, and HI, and confequently, 
biffecting the angle at C, if BA be the length or 
breadth of an object, and DE the length or breadth 
of it’s image projected on this fide the /peculum, then. 
LA and OD will be half the length or breadth of 
the object and it’s image, and the triangle CLA 


- being fimilar to COD,. LA is to OD, and confe- 


Pl. to. 
Fig. 13. 


Pl. 10. 
Fig. 14. 


quently BA to ED, as LC to OC, that is, the . 
length or breadth of the object, is to the length or 
breadth of it’s image, as the diftance of the object 
from the center of the /peculum, to the diftance of 
it’s image from the fame center; but it has been. 
proved, that.as AC, the diftance of the object 
from the center, is to EC, the diftance of the image . 
from the center, fo is AB, the diftance of the ob- 
ject from the fpeculam, to EB, the diftance of the 
image from the /peculum ; confequently, the length 
or breadth of an object, is to the length or breadth 
of it’s image, as the diftance of the object from the 
Speculum, to the diftance of the image from the 
fpeculum ,; and forafmuch as fimilar furfaces are to 
one another, as the fquares of their homologous 
fides, the magnitude of the obje¢t, is to the mag- 
nitude of the image, as the fquare of the object’s 
diftance from the fpeculum, to the fquare of the’ 
image’s diftance. . And by the fame method of ar- 
guing, if DE be an object, whofe image behind 


the /peculum is HI, the magnitude of the former, 


‘will be found to be to the magnitude of the latter, as 
the {quare of KO, to the {quare of KM. Hence 
it follows, that the object during it’s continuance be- 
yond the center, muft appear larger than it’s image, 
Bik dha . me em EP as 


. + 
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as being more diftant from the /peculum, and when Le cr, 
it is in the center, where it meets the image, it XXIII. 
muft appear equal to it, but being on the fame fide —~— 
of the center with the /peculum, it muftbelefsthan 
it’s image, which in that cafe lies beyond the center, 
and confequently, is at a greater diftance from the 
— fpeculum a 

It likewife follows, that the image which appears 
behind the /pecudum is ever larger than the object ; 
for fince MK, the diftance of the image behind the PI. 10. 
fpeculum, is to OK, the diftance of the object be- Fig- 14- 
fore the /peculum, as MC, the diftance of the image 
from the center, to OC, the diftance of the ob- 
ject from the center; and fince in this cafe, the ob- 
ject is always lefs diftant from the center than it’s 
- Image, during the appearance of the image behind 
the /peculum, it is evident, that the image muft ap- 

ear larger than the object ; but then this is to be 
nderitood with refpect to fuch images only, as are 
projected by objects lefs diftant than the center ;. for 
if an object be beyond the center, an eye being clofe 
to the /peculum, fhall fee the image at the fame dif- 
tance, and of an equal magnitude with the object ; 
and in this cafe, the feveral parts of the image do 
- not appear in thofe points where the perpendiculars 
from the correfponding points of the object meet 
with ‘the reflected rays ; the reafon of all which 
feems to be this, the portion of the /pecu/um which 
the eye makes ufe of in this cafe, is fo exceedingly 
fmall, that notwithftanding the fpherical figure of 
the fpeculum, it may be looked upon as plane, and 
confequently, the appearances muft be the fame as 
. in other plain fpeculums ; that is, the image muft 
appear as far behind the /peculum as the object is 
_ before it, and of the fame magnitude with the 

object. oat pH Cou 
_- <If an image formed on this fide a concave /pecu- 
jum be looked at with both eyes, it will appear 
double, provided the diftance of the eyes from the 

| | image — 
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‘Lec teimage be but fmall, and upon fhutting eithereye, 
XXIII. the contrary image will difappear ;_ for fince the re-_ 
Law. flected rays which form. the, feveral,points, of an 
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image meet and crofs one another at. the image, 


thofe which enter the right eye, muft be reflected 
from. the left fide of the /peculum, and thofe which 


: 
| 


| 


fall upon the left eye, muft be reflected from, the 
sight fide of the /peculum, and of confequence, one 


and the fame point of the image muft appear to the 


«right eye, as fituated before the left fide of the /pe- 


PI. 10. 
Fig. 15. 


~ at Or fhall fee it by means of the rays ON, which 


right fide. of the /peculum ; that is, it muft appear 
double,, and the right or left image muft vanifh 
upon clofing the contrary eye. Thus, if the point 
C of the image AB, be looked at.with both eyes, 


‘culum, and to the left eye, as fituated. before the 


one whereof. is.at O, and the other. at Q, the.eye 


are reflected from N, and of confequence, fhall fee 
it.as placed before N, but the eye.at Q fecing it by 
means of the rays QM, which proceed from. M, 
fhall fee it as fituated before. M, for which. reafon, 
the point C: will appear double ; and what has been 
thus fhewn with refpect tothe point G, may in the 
{fame manner, be fhewn with, regard to all the, other 
points in the image, and therefore the whole image 
snuft appear double, as the eyes are more and more 


retmoved from, the, images, they approach nearer 
together, and. at length coincide ; the reafon of | 


which. is plain, from the bare infpection of the fi-- 


‘gure; for fince the interval of the eyes continues 


the forneigitasieyidehis that when, they.are. farther” 


removed from the image, the rays, whereby. they fee _ 


the point-C mutt. be .reflected from, parts of the 
feeculuns \efs diftant from one another,than Mand 
NN; and.the, diftance of ‘the parts of the | /peculim 
which reflect the rays to each eye, muft.con- 


tinually Jeffen, as .the, eyes are more and more, re-_ 
moved from the.image,.and;at certain diftances, of 
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the eyes; muft become’ fo fimall as'not ‘to be fen- Lec th 
fible.. “And thus much ‘concerhing fuch fpherical XCXTIT.” 
fpeculums as ‘are concave 3 as to Convex fpeculums, ———a 
in order to determine the places of ‘images form- 
ed’ by reflexion. from them, let A’ be a® radiat- Pl. 10. 
ing point, \expofed dire€tly before the convex Fig. 16. 
fpeculum TK, whofe center is ‘C, AB a perpen- 
dicular from the radiating point to the /peculum, 
whielt likewife denotes the diftance of the radiating 
point from the /peculum, AD a ray falling on the 
fpeculam at D, whofe, diftance from B is indefinitely 
finall, DE the reflected ray meeting'the perpendi- 

_cular’in B, CD a radius drawn to the point of in- 
_cidence, and of confequence biffecting the angle 
FDE; let the angle FCD be made equal to ECD, 
and det'CF be continued tillit meets AD. produced 5 
this, being done, .it,is evident, that the angle at C 
inthe triangle, ACF, .is.biffected - by the line CD, 


ARS 


reducing this analogy into an equation, and clearing 
F. > F will be found equal to 2D4+R? that is, the 


diftance of the point “of interfection behind the 
| fpeculittt 
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ect. /peculum, and confequently the diftance of an image 
XXIII. behind the /peculum, is equal to a rectangle under 
i the diftance of the object from the -/peculum and 


Pl. to. 
Fig. 14. 


the radius, divided by the fum of twice the diftance 
of the object added to the radius. Hence it follows, 
that if an object be placed fo near a convex Jpeculum 
as to touch it, it’s image will do fotoo,; for in this 
cafe, D being nothing, F is likewife nothing ; as. 
the object recedes from the /peculum, the image goes 
off behind and when the object is removed to an 
infinite diftance, the image appears behind in the 
midway between the /peculum and it’s center ; for in 
this cafe, D being infinite, 2D+R becomes 2D, 


and of confequence, F is equal to on fo that ob- 


_ jects feen by reflexion from convex fpherical’ /pecu- 


lums, appear conftantly behind the /peculum, within 
the limits of half the radius; and forafmuch as the 
images conftantly appear on the ‘fame’ fide of the 
center with the objects, they muft be lefs than the 
objects ;' for if we fuppofe HI to be an object placed 
before the convex /peculum FG, and projecting: it’s 
image at DE, it is manifeft, that the image fub- 
tends the fame angle at a fmaller diftance, than the 
object does ‘at a larger diftance, and confequently, 
mutt be lefs'; and the diproportion between’ the 
object and it’s image, muft increafe as the ‘object 
recedes, and decreafe, as it approaches,: becaufe, as 
the object recedes from ‘the center, the image ap- 
proaches, and as that approaches, the image re- 


_cedes ; but as the image can never be more diftant 


from the ‘center than the object, it can in no cafe 
appear larger: The proportions which the magni~ 
tudes of the object and it’s image bear one to ano- 
ther, is the fame with the fquares of their diftances 
from the /peculum, as in the cafe of concave. /pecu- 
lums ; the proof of which being exa¢tly the’ fame’ 
with that made ufe of in the cafe of concaves, I 
fhall not here repeat it, mn ad 
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As to the pofition of fuch images as are feen by Lec rT. 

reflexion from convex fpherical /peculums, they muft XXIII. 
always appear erect; for as they ever appear on —-y—4 
the fame fide of the center with the objects, the 
perpendiculars which are drawn from the’ upper- 
moft parts of the objects, muft pafs through the up- 
permoft parts of the images ; and thofe from the 
lower parts of the objects, mutt likewife pafs through 
the lower parts of the images; thus, the perpendi- Pl. 10. 
cular HC, which comes from H, the higheft point Fig. 14. 
in the object, paffes through D, the higheft point 
of the image, and IC, which comes from I, the 
loweft point of the object, paffes through EF, the 
loweft point of the image; and fo it is with re- 
gard to the perpendiculars which come from the 
intermediate points ; fo that the feveral parts of 
the image have the fame fituation with the corre- 
fponding parts of the object, and of confequence 
the image appears erect. 
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Or THe COLLISION or NON ELASTICK 


"xp ELASTICK BODIES. 
DOR iO) .ds desea eae 


JF two bodies be either entirely | void of elafticity or 
* perfectly elaftick, and one firike the other direétly ; 


of A and B denote the quantities of matter or weights 


of the two bodies, a and b their velocities before the 
firoke , and if Abe the fwifter body when the bodies 


— move the fame way, the body which has the greater 


motion when they move contrary ways, and the movin 

body when one of themis at reft before the firoke , to de- 
termine the ratio of the bodies when their velocities 
before the firoke are given, or the ratio of their veloci- 
ties before the firoke when the bodies are given ; that is, 


Nate oe 
to determine 7 when a and b are given, or when 


A and B are given , fo as that the motion of A before 
the ftroke, foall be to it’s motion after the ftroke, in 
the given ratio of m to 1. 


To give a folution of this Problem, it isnecéffary . 
to know the motions of A before and after the ftroke, 
both when the bodies.are entirely void of elatticity, 
and when they are perfectly elaftick ; and likewife 
to know the motion of A after the ftroke, when — 
the bodies move the fame way, when they move 
contrary ways, and when B is at reft before the 
ftroke. The motion of A before the ftroke, is Aa 
in all cafes. And from what has been delivered by 
our Author, when the bodies are entirely void of 
clafticity, the motion of A after the soar is 

a- 


Non-clatide and Elattick Bodies. 


ae when before the ftroke the bodies move 
AAa—ABb 


the fame way, a a when they move diffe- 


| AA 
rent ways before the ftroke, and a when be- 


fore the ftroke B is quiefcent. And when the bo- 
dies are perfectly elaftick, the motions of A after 
the ftroke, when before the ftroke the bodies move 
~ the fame way, contrary ways, and B is quiefcent, are 
2ABb-+-AAa—ABa - AAa—ABa—2ABb 

7 ALB , A+B eo 
| ae ~ Hence, this Problem contains fix 
Cajes, three when the bodies are entircly void of 
elafticity, and three when they are perfectly elaftick, 
which Cafes are thus folved. | 


When the bodies are entirely void of elafticity. 


~ Case I. If the bodies move the fame way, 
f we AAa+ABb 
Aa hg be to 7 as m to r; whence 
uk oie! a—tmb aot Le. Pare St 
we have 3 = yaa? °° b> ~ APB—=mA), 
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} bu ask fh. « IF ‘the bodies move contrary ways, 


. —ABb . 
Aa will be to es as mto 1s; whence we 
Bee A: mba’ hes mB 
have = aa? 8b = mA—A—B 


c dish [ll If Bbe at reft before the ftroke, 


BP Senamien tisiden «56 Soe REN: 
then will,Aa be to Age a8. 07; whence we. 


’ have 


358 


Of the Collifion of 


A I . ‘ - 
beavers” = 7 + In this cafe b is nothing, 
' 


UN ao Mencia tae 
and ¢onfequently —~ is infinite. 


When the bodies are perfectly elattick. 


Case IV. If the bodies move the fame way, 


; -AAa—A ’ 
Aa will be to ae va as Mto1; 


. | A ma-+-a—2mb a 
, Ww ve — = , and = 
whence we have B naa D 


2mB 


mB--A-+-B—mA *. 


Case V. If the bodies move contrary ways, 


AAa—ABa—2ABb a 


Aa will be to Tae , as mMtors 
whence we have = cae chee Ls? and - fe 


ma—a 
2mB i 
mA—A—B—mB ° 


Case VI. If B be at re{t before the ftroke, 
7 AAa—ABa: ‘ 


Aa will be to AGB? Smtors whence we © 


m1 


cy Mire ae 
confequently --- is infinite. : 


Exam. I. If the bodies be entirely void of 
elafticity, and move the fame way, A with a velo- 
city of 7, and B with a velocity of 3; and A lofe 


half it’s motion by the ftroke, or, which amounts ~ 
tothe fame, if the motion of A before the ee | 


I 


| A ieee : > 
have -p- =", «In this cafe bis nothing, and _ 


: 
. 
, 


“ 
* 


Non-elaftick and Elaftick: Bodies, 


be to it’s motion after, as 2 to 1. In this cafe. a 
9. &9 


A Bitiy, 
€ 7,2, 2; and ——, which is equal to 
b, m,are 7, 3, 25 E> q aoe 


by Café 1, will be equal to; fo that A and B will 
be as 1 and 7. Here Aa, the motion of A before 
, AAa+ABb 


a—mb_ 
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the ftroke, is 7, and yay es ae it’s motion after 


the ftroke, is 3+; but 7 1s to 34, as 2 to 1x. 


Exam. II. If the bodies be entirely void of 
_ elafticity, and move the fame way, if A and B be 


as 1 and 4, and the motion of A before the ftroke 
be to it’s motion after, as 3 to 1, in which cafe m 


will be 35 then, which isequal to —=— 


by Cafe 1, will be equal to $, fo that a and b will 


be as 6 and 1. Here Aa, the motion of A before 

AA: : y 
the ftroke is 6; and. tee it’s motion 
after the ftroke by Café 1, is 2; but 6is to 2, as 
3 tot. 


Exam. Ill. If B lhe at reft before the ftroke, : 


and the motion of A before the ftroke be to it’s 
-motion after, as 10 to 1, in which cafe m will be 


10; then will nia be 4, or A and Bwill be as 


and 9. If the velocity of A before the ftroke be 
expreffed by 1, that is, if a be 1, then will Aa be 1, 


a | 
and Arts P i but 1 isto +, a8 10 to 1. 


It is to be obferved, that A can never communi- 
cate all it’s motion to B, except when it is infinitely 
_ greater than B, in which cafe B will become no- 

thing. For if A communicate all it’s motion to B, 


m will be 1; and E> which is as —, willbe as 


2; but tis infinite; and therefore A muft be infi- 
" aa nitely 


a \ ‘ ¥ 
* \~ 


>» Loe 
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nitely greater than B, to lofeall it’s motion by the 

fttoken' 4 i AabeS PRON RL Couey ce 
Exam. IV. If the bodies be perfectly elaftick, 

and move the fame way with velocities whichiare as 

3 and 2; and if the motion of A before the ftroke 


be to it’s motion after, as 2 to.1; then will a, b, m, 


UDG as aie and a which 1s as 


ee Zmib i 
ma—a- 

Cafe 4, will be 3; fo that A and B will be as 1 and 
3. Here Aa, the motion of A before the ftroke, 
i 2ABb--AAa—ABa ., Gree au 
ig ga( and roti AL ioere apres it’s motion after _ 
the ftroke, is 2; but 3 is to’Z, as 2-to I. : 
_ Exam. V. If the bodies be perfectly elaftick, 
and move the fame way, if A and B be as 4 and 5, 


-and the motion of A before the ftroke be to it's mo- 
tion after, as 3 to 1; then will A, B, m, be4, 5, 33 


ans 2m Tel dete 
and ~~, which is as >RTATBomA by Cafe 4, 


will be £, fo that a and b will be as 5and2. Here, 
Aa, the motion of A before the ftroke is 20; and 


2 ABb--AAa—ABa 


ALB , the motion of A ‘dfteny ase ; 

But 20 §5 (002-098 2.0 Bao! oe ce a 
Exam. VI. If A and B be perfectly elaftick, 
and B be at reft before the ftroke, if A move with 
a velocity of 4, and it’s motion before the ftroke be 
to it’s motion after, as3to x; then will a, b, m, 
m++1 _ 

by Cae 6, 


| A: 
be 4, ¢, 33 and p> which is as zy 
will t= 2; fo that A and B will be.2 andi. 


- Here, Aa the motion of A before the ftroke, is’8 5 


and an 1 pee 1 


AAa—ABa 


it’s motion after the flroke, 1s $5_ 
but Sisto®, asgtor | Bee a 


si 
{° ¢ ¥e 


 SCHOLIUM 


Non-elaftick and) Elaftick Bodies, 


6820 MOLT. UM 


If it be required to know the motion of 'B after 
the ftroke in the fix Cafés before mentioned, that 
motion may be had, from what our Author has de- 
livered, when the weights of the Bodies, and their 
velocities before the ftroke are given. oe 

If the: bodies be entirely void of elafticity ; the 
motion of B after the ftroke, when before. the 
- ftroke, the bodies move the fame way, when they 
move contrary ways, or when B is quiefcent, \is 
BAa+BBb. BAa—BBb BAa 

A+B ABB 8 OF AGB yr cuy | 

And if the bodies be perfectly elattick ; the 
motions of B after the ftroke, when before the 
ftroke the bodies move the fame way, when they 


move contrary ways, or when B is quiefcent, is _ 


2BAa+BBb-BAb 2BAa-BBb+BAb  2BAa 
Cc RE. RRC es, 


Pros. ll. Uf two bodies A and B, be given and 
be perfectly elaftick, if A. be the leffer body, and B be 


_ ab refi before whe firoke , it is required to find an in- 


termediate body of fuch a weight of quantity of matter, 
which I foall denote by x, as that, A firiking x at 
refi, and x with the motion acquired by the ftroke 
Jiriking B at reft, the motion produced in B foall be 
greater than can be produced by an intermediate body 
_ Of any other weight, or, in other words, that the motion 
in B foall be a maximum. | 
. * | 
The motion of x after it is ftruck by A, is 


2Aax Ln : J pp Stace ayn poet 
-—, and the motion of B after it is ftruck by x, 13 


fix 2 
Net BP? by. Schol. Prob, Is 


“AB Ax 


TA eeg Bur 


46% 
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But by fuppofition the motion of B is a maximum 
and confequently it’s fluxion is nothing. The 
4ABa 


‘ fluxion therefore of ABLAxtBxtxx 


x | 
Bax 8 nothing ; 
4.A7B*ax—4 ABxax* 
AB+Ax+Bx-+ xx! 
4A°B*ax — 4ABxax” = 0 5 and, by dividing by 
4ABax, AB—x’=0; and AB= x’; whence x 1s 
_a mean proportional between A and B. 
Our Author has given a clear folution of this. 


that is =o. Confequently, 


Problem, but in a different manner. 


Cor. L If a number of bodies be in a conti- 
nual geometrical progreffion, if the leaft of the 
bodies be A, the ratio of the increafe bee, and the - 


number of bodies n; and-if A ftrike the fecond 


-body at reft, and the fecond with the motion ac- 
-quired ftrike the third body at reft, and fo on to 
the laft; the bodies, their velocities and motions, 


will be thus expreffed. 


Bodiss uAys CA; AY eA Becog hag A. 


2a 4a 8a > \n-F 


Velocities -a). ——, ==) ==> &.— |, a 
ae 1” T-+e)"” i-+e 3? i+e| 4 
2Aae 4Aae* 8Aae* .  2e 


The eee rea ee] 


Exam. I. If the number of bodies increafing 
-in geometrick proportion be 20, and the common 
yatio of the terms be 2, n will be 20, and e be 2. 
The laft body ‘will be 524288 times greater than 
the firft; the velocity of the laft will be to the ve- 
Jocity of the firft, as 1 to 221653 and the motion 
‘of the laft will be about 236% times greater than 

the motion of the firft. | 
~ Exam. IL Ifthe number of bodies be 100, and the 


common ratio of the progreffion be2; then will n be 


@ 6 tay + @ &A 100, 


Non-elaftick. and Elaftick Bodies, 


100, and e will be 2. In this cafe, the laft body will 
be above 633825300000000000000000000000: 


times greater than the firft, it’s velocity will be to 
- the velocity of the firft, as1to 271022000000000000 
nearly; and the motion of the laft will be to the 
motion of the firft, nearly as 2338480000000 
to I. i 

Cor. II. If the motion of the firft body be to 
the motion of the laft, as 1 to D, that is, if Aa be to 

26 


ite 


n—tI 


2—J) 


For example, if the number of bodies be 20, and 


the motion of the laft be 100000 times greater 
than the motion of the firft, n will be 20, D will 
be 100000, and e will be 10.9746 nearly ; fo that 
each preceding body in the 20 bodies muft be 
10.9746 times greater than the body lying next 
behind it. 


Cor. TI. If the motion of the firft body be to 
the motion of the laft, as 1 to D, that is, if Aa be to 


CV part: 


mare Aa, as 1 to 1), vi will be equal to 


2a om ¥ age in 
Tye and, putting R for ——, and L, for lo- 


| I-Le? 
garithm, we fhall have D=R"™", and L, D= 
n—1 x L, R. 


| 2e . 

For example, if e be 4, and n be 25, omer will 
be 2, the logarithm of which number is 0.2041299 
=L,R; andn—1x L,R=4.8988795=L, D. 
The natural number of this logarithm is 79228 
nearly ; fo that in this cafe the motion of the laft 
' Aa 3 body 


Ax as 1 to D, then will e be equal to | 
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a 
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Of the Motion of a Globe 
body will be nearly 79228 times greater than the 
motion of the firft. VO o: yee 

Cor. IV. If D and R be given, n may be 


»,D+L,R 
found by being equal to aap ; for by the 


Jaft Corollary L,D = n—1 x L,R, and confequently 
— L,D+L,R | ) 
i: co LR : | : 
For example, if D be ro0000, and € be 2, in which 
cafe R will be 4; then will L, D, be 5.000000, 
| L,D+L,R 
and L,R 0.124938%7 ; and =. will be 
41.02==n3 fo that more than 41 bodies will be 
neceflary to make the motion of the la{t 100000 
times greater than the motion of the firft. Pi 


Of the Motion of a Globe in a Fluid Medium, 


Pros, Ill. Jf the diameter. and denfity of a- 
Globe moving in a fluid medium, if the denfity of the 
medium, the velocity with which the globe fets out, 
and the time of the motion, be all given 5 te determine, 
the part of the velocity which is deftroyed by the refift- 
ance of the medium, the remaining part of the veloci- 
ty, and the fpace defcribed by the globe in the given 
ime. . 


~ Let D denote the diameter of the globe, d it’s 

denfity, d the denfity of the Auid medium, V the 
velocity with which the globe fets out, t the time 
of the motion expreffed in feconds, m the part of 4 
diameter or number of diameters of the globe which 
it would defcribe with the velocity V in the time t, 
and T-the time in which the globe with the veloci- 
ty V would im vacuo defcribe a fpace which is to 


GD 00s e | NFL, 
“7 asd tod; and then the part of the velocity 
deftroyed 


in a@ Fluid. Medium. 
deftieyed by the refiftance of the medium, will be 


sre y3 the remaining part of the aa wih be 


BV G4 
Fata tm? and. the pace defcribed in the medium 


cs 


8Dd 
in the time t, will be were: x Log. = 
X-2-302585093. 


For Sir Isaac NewrTon has proved, that the 
part of the velocity which is deftroyed by the re- 


; that 


Vt 
fiftance of the medium in the time t, is Tat ; 


h VT 
the remaining part isa um 


ria and that the {pace 


defcribed. in the time t, is aN « Pog: au = 


2. 2.302685093. But by. conftruction,. a is as 
And therefore; by fubfti- 


a inftead of de aad V in the 


foregoing Meenas the part of the velocity. de- 
{troyed by the refiftance of the medium in the time 


tuting - 33V va 


the Einaitting par of the velo- 


I mdV 
t will be ce 


. sia be atm = a tm ates fs and the fpace defer ibed i in fhe 


time pa wil be th SP xl stile 21402585003, 


wh. @ Bt i If the denfity of the globe be equal 
to the denfity of the medium, that is; if. d be equal 


to 4, the. ‘velocity deftroyed by the refiftance of the - 


| mV. 
‘medion in wisi time t, will be rr : 


ed 


ar: ars ‘ This 
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Of the Motion of a Globe 
This Corollary will obtain, if the clobe and the 
medium be perfectly denfe or void of pores; for by 
being entirely void of pores, they will have equal 
denfities. And fuch a Globe moving in fucha 
medium the length of 3 times it’s diameter, will lofe 


eee Pacey 
above half it’s velocity ; for if m be 3, eats will 


be . And this will always be the velocity loft - 


in moving three times the length of the diameter, 


when the globe and the medium have equal dén- . 


fities. Pex 
Cor. Il. If a globe in moving through m 
times it’s diameter in a fluid medium, lofe the n part 


of it’s velocity; then will n= 


éxm—nm .. £dn 7 8nd 


For “id-+-més — nV; whence n ~)"Edjme? 
dx m—nm ” op Edn | 
: 28 = 


“mam > andm = 


3d— 3nd 


Exam. I. If a globe lofe 2 of it’s velocity in 
moving the length of ro times it’s diameter in wa- 


ter, in which cafe n will be 3, m will be 10, and 
déwill ber; then d will be 5, that is, the globe. 


will be denfer than water in the proportion of 5 
to 4. | 


Exam, Il If a globe so ‘times as denfe as 


“water, Jofe ths of it’s velocity in moving 10 times 


it’s diameter in a fluid; the denfity of that fuid 


will be 8 times as great as the denfity of water. — 
) . eae | te 


- 


) 


in a Fluid Medium. 


In this cafe d is 10, m is 10, and nis 33 andé, 
wire. 


m—nm? 1s 8 


which is equal to 


Exam. III. If a globe twice as denfe as water, 
lofe {ths of it’s motion by moving in a fluid 14 
times as denfe as water; it will fuffer this lofs of 
velocity in moving the length of 13D. For in 
this cafe, d, J, n, are 2, 14, 23 and m, which is 


equal to rite will be $= 14, 


Exam. IV. Ifa perfeétly folid globe move 24 
times the length of it’s diameter in a perfectly fo- 
lid medium, it will lofe 9 parts in 10 of the velocity 
it had at the beginning of the motion. For in this 
cafe d is equal to J, and m is 24; and n, which is 


equal to ——, will be equal to 72 =... 
ptm QUE er abnOnS 


Exam. V. Ifa globe of equal denfity with 
water, move half the length of it’s diameter in air, 


Sok od te ae i ¥ 
_ it will lofe the “Ga8y= Pare of it’s velocity, on fup- 


: : 
pofition that the denfity of water is to the denfity of 
air, as 860 to 1. For in this cafe d, 4, m, are 860, 


SY sisioig tO Meee mei si ae 
In 23 and n, vase is equal to dpm? will be 


Ca) : 
45873 ° 


Exam. VI. If the earth moved -round the 
fun in a fluid medium of equal denfity with the air 
at the furface of the earth, it would by the refiftance 
of the medium lofe almoft all it’s motion in 10000 
_ years, on fuppofition that the denfities of the earth, 
of water, and of the medium, are 5, 1, 25 or in 
_ decimals 0.0011628. For the earth moves in cS 

MAS orbit 
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Of thé Motion of a, Globe 
orbit with a velocity that carries it at the rate of 
4893938782791 miles, or 617142343 times the 
length of it’s own diameter,in-10000 years, on fup- 


pofition that the fun’s horizontal parallax is 104, In 
this cafe therefore d, 4, m, are 5,0.0011628, and 
617142343; and confequently n, which is equal to 
era will be a 343553¢h part, which is nearly 
the whole, of it’s prefent velocity. 3 

By the French meafures, a-degree of 1a great 
circle of the earth contains 342366 Paris feet, or 
365403.3158 Engijh feet, on fuppofition that a 
Paris foot 18 to an Engh/b foot, as 1142 to 1070. 
And confequently the diameter of the earth, fuppo- 


fing ‘the earth to be fpherical, will be 41870381 
Englifp feet, or 7930 miles. The mean diltance 
‘of the fun from the earth, ‘reckoning the parallax 


at 10+ feconds, is about 1 9644.2675 fernidiameters 
of the earth, or 77889520.6375 miles ; confequent- 


jy the circumference of the earth’s ‘orbit is 
489393878.2791 miles, which’the earth ‘defcribés 


in one year, or 29558161.6 feconds of time. 


am Exam. VH: vIf the earth «move in’ an iter 


- gooooo rarer than ‘the air at the furface of the 


earth, it will lofe about "th part of it’s prefent ve- 


Jécity in 10000 years ; for inthis cafe d, dand m, 


are 5, 0.00000000166, and 6171423433 and:con- 

bs m ie awe 

fequently n, which is equal to RM Uae will ee 
102445628938 fy MO DT. wae 

a Ta g57 789622710 Patty, that is rath part.of 

the prefent velocity very nearly. : yb Ons 3% 

And if the earth move 100000 years. in ‘this 


Hither, it will lofe almoft half of it’s prefent motion 
in that time. 3. 16 bas ew to 


_ Exam. 


in a Fluid Medium, | 

Exam. VIII. If we fuppofe the earth to lofe 
the ,4.th part of it’s prefent velocity by moving in 
an <therial medium for 400000 years, in whith 
time it will have.defcribed 24685693680 times it’s 
diameter, the denfity of the medium will be above 
200 millions of times lefs than the denfity of the 
air at the furface of the earth. For in this cafe d, 
n, mM, are 5, 0.01, 24685693680, and confe- 

& 


quently 3, which is equal to ma Will be 


PE oa 
| m—n 

O.] 3 3 3 333 ; stg" i B t 
244 38836743.2000000 ~ 183366000000 ° = 
the denfity of water being 1, the denfity of air is 
gza3 and confequently, the denfity of the air at the 
furface of the earth will be to the denfity of this 
medium, as above 213200000 to I, 


Of the Motion of Wheels over Obftacles. 


Pros. IV. Jf a wheel moving on an horizen- 
tal plane, meet with an immoveable obftacle in it?s way. 


over which it is to be drawn by a force fixed to it’s 
center; if the weight and diameter of the wheel, the 
beight of the obftacle, and the direétion of the force 


drawing the wheel, be all known , thence to. determine. 


the force thateis fufficient to draw the wheel over the 
objtacle. | an 


* 


Let GPME. be the wheel, ND the horizontal 


plane on which it moves from.N towards D, EF 
the obftacle over which it is to be drawn; let the 
wheel arrive at the obftacle, and touch,it’s top E; 
and there let it be fuppofed to ftand preffing the 


horizontal plane at G with it’s whole weight. Draw. 


OEK a tangent to the wheel in the point E, draw 
the diameter ACG perpendicular to the horizontal 
plane, and-produce it till it meet the tangent inO; 
from E draw the radius EC; draw EH igor 

| cular 
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W x'4/2rh—hh > 


Of the Motion of Wheels 
cular to AG; and mr, MC, perpendicular to EC, 
and confequently parallel to the tangent OK ; and 
laitly, draw the radius Cm ; if the whole weight of 
the wheel be exprefled by CO, in the direction of 
which line that weight acts when the wheel is wholly 
fupported by the horizontal plane at G, that weight 
may be refolved into two others CE and OF, 
acting according to the directions of thofe lines, 
the weight CE preffing againft the top of the im- 
moveable, obftacle, and being wholly fuitained by 
it, and the weight OF, drawing the wheel down in 
a direction parallel-to the tangent OEK. Let W 
denote the whole weight of the wheel, r it’s radius, 
h the height of the obftacle, and x the part of the 
whole weight which draws. the wheel down in a 


direction parallel to OEK ; and then we thall have 


this analogy; asx ‘is to W, fo is OE to CO, or 

HE to CE, from the fimilarity of the triangles 
, W 

CEO, and CEH; whence Ae ha S1S0 37 but 

HE. from the nature of the circle, is equal to 

JAH x HG, or to WAHxEF, that is, in fym- 

bols, to /2rh—hh ; and therefore x — 


; . A force juft equal to this weight, 


and acting in direct oppofition to it, that is, draw- 
ing the wheel upward in the direction CM parallel 
to OK, will juft be able to make the wheel reft on 
E, the top of the obftacle, without fuffering any part 
of it’s weight to reft on the horizontal plane at G. 
This force muft be increafed to produce the fame ef- 
fect, if it aét in any other direction than that of CM. 
For Jet it draw the wheel in the direétion Cm, m 
lying between FE, and M, and then the force aéting 
in this ‘direétion may be refolved into 2 forces, 
which will be as Cr and rm, whereof Cr draws the 
wheel directly againft E the top of the ieee 

We and 


over Obftacles. 


and. fo is loft, and mr draws it upwards in a di- 


rection parallel to OK. But mr is lefs than Cm 
-or CM, and to become equal to it, and confe- 
quently, fufficient to fupport the wheel againft 
the top of the obftacle without fuffering any 
part of it’s weight to reft on the horizontal plane, 
it muft be increafed in the ratio of Cm or CM 


to'rm, that is, putting s for the fine of the an- - 


gle which the direction of the force makes with 
CE, in the ratio of r to s; but the force rm 
cannot be increafed, but the whole force CM 


muft be increafed in the fame proportion. ‘And | 


therefore the force 


Dyes fog ph es 
a ea SINT Bed ool 


creafed in the proportion of r to s, and then, put- 
ting F for the force, acting in the direction Cm, 
which is:juft fufficient to fupport the wheel on the 
obftacle without fuffering it to prefs on the plane 


ND. F XO Wxd2rh—hh 
chk DR a 


; andthe fmalleft ad- 


dition to this force will make it draw the wheel 
- over the obftacle. 


Since the refiftance given by the obftacle, is equal 
_ to the force that is juft fufficient to make the wheel 
reft on the obftacle without fuffering any part of it’s 
weight to prefs on the plane of the horizon, that 
is, putting R for the refiftance given by the obfta- 
cle, fince R is equal to F; R will be equal to 
W x/2rh—hh- . | 


S 

It is to be obferved, that the direction of the 
force muft lie between CE and CA; for if the 
force draw the wheel in the direétion CE it will be 


wholly fpent upon the obftacle, and not in the leaft - 


contribute to draw the wheel over it ; and if it draw 
the wheel directly upwards from C to A, it will 
not make it to prefs againft the obftacle, and confe- 

quently, 
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Of the Motion of Wheels — 


quently, however great we may fuppofe it to be, 
can never draw it over it. | 


Cor. I. If the direétion of the moving force 
change continually, paffing from CE to CM, and 
thence to CP, the fine of the angle which the line 
of direction makes with CE, will increafe in the 
paflage of that line from CE,to CM, and decreafe 
in it’s paflage from CM toCP; but ass increafes 


W x/2rh—hh 


or leffens, Sade sae will leffen or increafe ; 


and confequently the force F will leffen in the paf= 
fage of the line of it’s direction from CE to CM, 
and thence increafe in the paffage of that line to 
CA. So that the force will be leaft when it aéts in - 


_the dire€tion CM, in which cafe the whole force 


will be employed in drawing the wheel over the ob- 
{tacle ; whereas in all other directions, part of the 
force will be loft by drawing directly againft the 
top of the obftacle. Hence the moft advantageous 
direction of the force, will be that which makes a 
right angle with CE, in which cafe s will be equal 
Wxv2rh—hh 
r 


tor, and F= 


Cor. II. If the height of the obftacle be given, 
in which cafe h will be as 1, and the force draw the 
wheel in the direction CM parallel to OK ; then F 


W x./2r—I 
r 


will be as 


If the >is of 4 wheels, be 1, 2, 3, 4, then wil 


V/2r—1 73 V5 /7 , ; ia! 
a be ar iim Crna that is, as the num- 


bers 1000, 866, 745, 661; and the forces requi- _ 
fite to fupport thefe wheels’on the point E, fo as 
not to fuffer any part of their weight to reft on the 
horizontal plane, will be as their weights multiplied, 

op! into 


over Obftacles. 


into thefe numbers refpectively. The force requi- ; 


fite to fupport the firft wheel, will be as it’s weight 
multiplied into 1000, the force requifite to fupport 
the fecond wheel as it’s weight multiplied into 866 ; 
and fo of the reft. And if the weights of all the 
wheels be equal, the forces neceffary to fupport 
them, and confequently the refiftances given by 


the obftacle to which thefe forces are equal, will be 


as the numbers 1000, 866, 745, 661. So that 
in wheels of a given weight, the leffer the wheel is, 


the greater_will be the refiftance which is given to’ 


it by an obftacle of a given height. 


— Cor. Hil. If the height of the obftacle be in- 

definitely {mall and given, in which cafe the tan- 
gent OK will coincide with the horizontal plane 
ND, and the point Ecoincide with the point G; 


and if the force draw the wheel in a direction paral-- 


2K 


co 


lel to OK or ND; then will F be as Wx 


: {5 bit q ‘ , ¥ WwW see 
or, becaufe 2 is a given quantity, as —~s and if 


the weight of the wheel be given, F will be as 
I . 


If the radii of 4 wheels of equal weights be, 1,2, 


3, 4, and the wheels be drawn ona {mooth plane 
parallel to:the horizon; the forces neceffary to put 
them in motion, when they draw in directions pa- 


: I I I 
rallel to that plane, will be as 1, arr er LTP 


that is, as the numbers 1000, 707, 577, 500. 
And therefore, of wheels drawn:on the plane o 
the horizon by forces acting in directions parallel 
to that plane, leffer wheels will require a greater 
force to put them in motion than greater. 


Con? 
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Cor. FV. If the height of the obftacle be pro- — 
portional to the radius of the wheel, and if the 
torce draw the wheel in a direction parallel to OK ; 
that is, if h be as r, and F be PML Bab ae : 
then will the force, and confequently the refiftance © 
given by the obftacle, be as the weight of the 

7 2rh—hh / 2rr—tr 
r r 


wabicele var pill be as ude deatanhdat 


is as 1; and therefore F will be He W. 


Cor. V. If the direétion of the force drawing. 
the wheel be parallel to the horizontal plane, that 
is, if mC be parallel to ND; then will the force ~ 


- that is requifite to fuftain the wheel on the point E., 
he W x./2rh—hh 


naa For in this cafe the angle 
mCE is equal to the angle CEH, and confequently, — 
their fines are equal, that is, s is equal to CH, 
which in fymbols is r—h. And therefore F, which 
W x f2rh—hh 


, is in this cafe as 
s 


univerfally is as 


W x f2rh—hh 
r—h ' 


If the height of the obftacle be given, in which 
cafe h will be as 1, then will F be as an ~ ofr en : 
If the radii of 4 wheels of equal weight, be 
I, 2, 3, 43 then will F with refpeét to thefe four 
wheels, be as =, ue <5, Mi. that is, as in- 
finite, 1732, 1128, 882: The height of the ob- — 
ftacle is equal to the radius of the firft wheel, inaf- 
much as I have fuppofed them both to be as 1; and — 
confequently the force mutt be infinite to make ee 
whee 


ever Obftacles, 
wheel reft againft E, and hinder any part of it’s 
weight from preffing on the horizontal plane at G. 


Cor. VI. The force is to the weight of thé 
wheel, as the fine of the angle ECH is to the fine 
of the angle which the line of direction of the force 
Vorh—hh _ 


makes with EC; that is = — 


° 
\ 


S 

If the force be one half of the weight of the 

wheel, that is, if F be one half of W, 4/2rh-—hh 

will be one half of s; if F be equal to W, ./zrh—bh 

will be equal to s; and if Fbe as W, «/2rh—hh 
will be as s. | : 


Of the Motion of Water through Orifices and 
Pipes, | 


f | 
Pros. V. Yo determine the motion of water rune 
ning out of a hole made in the bottom of a veffel. 


Sir Isaac Newron has given a general folution 
of this Problem in the following paragraph, which 
4s contained in prop. 36. prod. 8. lid. 2. 
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“* Sit ACDB vas cylindricum, AB ejus orificium py, 13: 
*¢ fuperius, CD fundum horizonti parallelum, EF Fig. Ze 


foramen circulare in medio fundi, G centrum fo~ 
“* raminis, et GH axis cylindri horizonti perpen- 
_ © dicularis. Et finge cylindrum glaciei APQB ejuf- 
“* dem effe latitudinis cum cavitate vafis, etaxem eun= 
“* dem habere, et uniformi cur motu perpetuo des 
«© fcendere, et partes ejus quam primum attingunt 
* fuperficiem AB liquefcere, et in aquam converfas 
< gravitate fuad defluere in vas, et cataractam vel 
* columnam aque ABNFEM cadendo formare, et 
*¢ pet foramen EF tranfire, idemque adequate im- 
“* plere. Ea. vero fit uniformis velocitas glaciei 
* defcendentis ut et aque contigue in circulo AB, 
**’ quam aqua cadendo et cafu fuo defcribendo alti- 
bere Bh “© tudinena 
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tudinem JH acquirere poteft; et jaceant IH et 
‘¢ HG in direétum, et per punctum I ducatur recta 
‘© KI, horizonti parallela et lateribus glaciei occur- 
“rens in K et L. Et velocitas aqua effluentis 
<¢ per foramen EF ea erit quam aqua cadendo ab 1° 
<¢ et cafu fuo defcribendo altitudinem IG acquirere 
poteft. Ideoque per theoremata GALIL AI erit 
IG ad IH in duplicata ratione velocitatis aque 
“ per foramen effluentis ad velocitatem aque: in. cir- 
«© culo AB, hoc eft, in duplicata ratione circuli 
«© AB ad circulum EF; nam hi circuli funt reci- 
‘© proce ut velocitdtes aquarum que per ipfos, eodem 
tempore et aquali quantitate, adequate tranfeunt. 
De velocitate aque: horizontem verfus hic agitur. 
Et motus horizonti parallelus quo partes aque ca- 
‘“* dentis ad invicem accedunt, cum non oriatur a 
“‘ gravitate, nec motum horizonti perpendicula- 
rem a gravitate oriundum mutet, hic non confi- 
deratur. Supponimus quidem quod partes aque 
aliquantulum coherent, et per cohafionem fuam 
inter cadendum accedant ad invicem per motus 
‘«< horizonti parallelos, ut unicam tantum eflorment 
<< cataraétam et non in plures cataractas dividantur ; 
<< fed motum horizonti parallelum, a cohzefione. illa 
<< oriundum, hic non confideramus, 


“This Theory Sir Isaac corrected by experiments, 


44 


ce 


CG 


(74 
ce 


c¢ 


it 
(a4 
ce 


ée¢ 


~ proved it in fix. different cafes, and. drew..feveral 


corollaries from it. “The reafon why a correction 
was neceflary will be fhewn in the Scholium.,, And 
the truth of his and other corollaries: flowing,from 
this theory, will more eafily appear by, expreffing 
the foregoing proportions’ of, the, ,velogities, in 
fymbols; to, do which, Jet. A denote, the area, of 
the circle AB, athe eve of the hole E.F,,.E1 the 
line HG which is the perpendicular. height, of the 
water. in the vefiel above the hole, x the, height IH, 
from which, water or. any, other body, muft.fall; by 
the force of gravity froma ftate of ref ep asqulre 
the velocity of the water in AB, V the velocity of 

pio i otk : : siete water 
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water in it’s paflage through the hole EF, and vit’s 
velocity in the furface AB; and then the propor- 
tions will be thus exprefled, H4+x.x::V*. yt+: 

A* .a*; whence, fH+x.4/x::V.vi:A.a, 


Cor. I. The height from which a body mutt 
fall to acquire a velocity equal to the velocity of the 


, ’ v*H 
water in the furface AB, is equal to Vay > or 


a°H it | ey 
Wer: »=«<For by inverfion and diviGon of pro- 
portion,’ x)..Hotsiv* Via ss gt oir ; 
vH a” f 
whence x = Vox > Fexyge But x denotes 
wH ah.) / 
6 Seen ih ST Sa Sia 


“ 


TH. And therefore IH = 


Cor. Il. The perpendicular height of the’ 
water in the veffel, denoted by Hy, is equal to 


ees or ee > by Cor. 1, 


Cor. HII. The height from which a body muft 
fall to acquire a velocity equal ‘to that with which 
the water flows through the hole, is equal to 


Vege? Of “qari: For by divifion of propor 
tion, Hx=IG .H ::V*, Vi—v*:: At, At—at, 
whence a Vy oon Ata a 


Cor. IV. The. perpendicular. height of the 
water in the vefiel, denoted by Hj ~is equal to 


IGx Vi > or to xX ae. » by Cor. 3. 


2. 
e oe 
: "at i NF Poa Pes 
P 14 


ws ace Sak cy 
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Cor. V. If the area of the furface be equal to 
the area of the hole, H will be nothing in compa- 
rifon of IH and IG which will be equal. For if 
A be equal to a, H will be nothing by Cor. 2. and 
IH and IG will be equal and infinite by Cor. 1, and 
Cor. 3. ey S 

The truth of this Corollary may likewife appear 
from the nature of gravity. For if A be equal to 
a, V mutt be equal tov. But V can never be equal 
to v while there is any acceleration of the motion of 
the water in it’s defcent through the veffel, as there 
will always be till 1 becomes nothing in compari- 
fon of the equal lines IH and 1G, which in this cafe 
muft be confidered as infinite. 


Cor. VI. If abe greater than A, in which cafe 
A*—a? will be negative, H will be negative, by 
Cor. 4; and IG, and confequently V; will be affir- 
mative, by Cor. 3. But a negative perpendicular 


‘height of the water in the veffel, and an affirma- 


tive velocity of the water flowing through the hole, 
requiré an inverfion of the veffel or a turning of it’s 
bottom upwards; by which inverfion the hole will 
become the upper orifice, and the upper orifice the 
hole; a will become A, and A become a; and 
the velocity will be affirmative, that is, the water 
will move downwards, as it ought to do from the 
nature of gravity. Farther, when a is greater than 
A, the vefiel will be conical with it’s wider end 
downwatds; but from the nature of gravity, water 
poured in at the top or narrower end of fuch a vefiel, 


_ will defcend in a cylindrical column, which will not 


fill the bafe, as the foregoing account of this moti- 
on requires; -andstheretore, to give this cafe the 
conditions:required, there ‘muft be an inverfion of. 
the veflel,) ‘a AKO) . pW 
Cor. VII. If the hole be fmall, and the fur-. 
face of the water infinitely large, both a and v ay 
KO 8 aa | - 
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be confidered as o with refpect to A and Vs confe- 
quently IH. will be o, by Cor. 1. and IG will be 
equal to H, by Cor. 3. cies 

In this cafe, and this only, the fuperficial parts 
of the water have no velocity at the very beginning 
of the motion, but begin to defcend from a ftate 
of reft, as quiefcent bodies do when the fupport is 
taken away. In all other cafes, in which a and v 
have fome magnitudes when compared with A and 
V, the fuperficial parts of the water fet out with 
fome velocity, and do not begin to defcend, on the 
water’s beginning to flow through the hole, as hea- 
vy bodies near the furface of the earth begin to de- 
{cend from a ftate of reft. 


Cor. VIII. If the ratio of the furface to the 
hole be given, as it will be when each of them con- 
tinues the fame, or when both of them change in 
the fame proportion ; the velocity in the furface 
will be proportional to the velocity through the 


hole, and both will be proportional to the velocity * 


which would be acquired by a body in falling 
though a height equal to the perpendicular height 


_ of the water in the veffel. If > be given, = will 


be given; and confequently v will be as V. And 
fince — is given, poo az and —qa—s= will 
both be given ; and confequently both IH and IG 
will be as H, by Cor. 1. and Cor. 3. But v and V 
are as IH and IG. And therefore, both v and V 
will be as /H. 

By this Corollary, when A and a continue inva- 
riable, and the heights of the water in the veffel 
are 1, 4, and 16 feet; the velocities in AB and 
EF will be as 1, 2, and 4. But bodies placed at 
{mall diftances from the furface of the earth, do all 
begin to defcend with the fame velocity very 

| | b 3 : Ys 
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ly, as has been proved by experiments. And 


therefore the fuperficial parts of the water in this — 


cafe, begin to defcend in a very different manner, 
or with very different velocities from that with 
which a heavy body placed at thofe heights, begins 


to defcend from a ftate ‘of reft. The velocity in © 


AB is regulated by the velocity in EF, and the ve- 


EEE 


- 
locity in EF is always meafured by /H, when pao 


is given. 


Cor. IX. The velocity of the water in the fur- 
face AB is always the ~ part of the velocity through 1 


P . 4 { a PS ta 
the hole, that is, v is the part of V, or in other 


aV prt 
words, v = —q-. When as nothing in proporti- 


on to A, as we may fuppofe it to be; when a is 
very fmall, and A exceedingly great, then will v 
be no fenfible part of V, that is, it will be nothing ; 
and confequently, the fuperficial parts of the water 


will in this cafe begin their motion, as heavy bodies — 


do, from a ftate of reft. 


Cor. X. The whole motion of the defeending 
column AMEENB, is equal to the motion of a 
cylinder of water, whofe bafe is a, whofe altitude 
is H, and whofe velocity is V, that is, to the mo- 
tion aHx V. For Va is equal to. vA, that is, the 


motion of the water in EF 1s equal to it’s motion in 


AB; and from the nature of the defcending column, 
each of them is equal to the motion in any fection 
of the column parallel to EF or AB; and confe- 
quently, the motion in all the fections, fuppofing 


them to be indefinitely many, that is, the whole 


motion of the defcending column, will be equal to 
the motion in the hole multiplied into the dae 
| | . O 
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of feétions, that is to VaxH, or aHxV. This 
property has been proved by Dr. Junin. 


Cor. XI. The force which can generate the 
~ whole motion of the water running out of the hole, 
is equal to the weight of a cylinder of water whofe 
bafe is a, and altitude is 2IG, by Cor. 3; that is, 
_ equal to the weight of a cylinder of water, whofe 


magnitude is 2aH x oy For in the fame 


time, in which the water running out is equal to this 


cylinder, this cylinder, by falling from the height - 


1G by the force of it’s gravity, will acquire a velo- 
city equal to that with which the water runs out. 
But when the quantities of matter and velocities of 
two bodies are equal,*their motions, and confe- 
quently the forces which can generate thofe moti- 
ons in, equal times, will likewife be equal. And 
therefore the force which can generate the whole 
motion of the water running out of the hole, is 
equal to the weight of a cylinder of water whofe 
Ae 


magnitude is 2ak x ——p—-. 


Cor. XII. The weight of the defcending co- 
lumn AMEFNB is equal to the weight of a cylin- 
cer of water, whofe bafe is a and whofe height is 
2HA 
A+a | reer 
For let IO be a mean proportional between IH and 
IG, and then, VIH. VIG:: JIH.10::10.1G 
::a. A; and, by divifion of proportion, HO.1H 
:: OG. 10; and by alternation and compofition, 
HO+ 0G .2HO;:: IH +10. 21H::a+A. 
2a. But, by Cor. r1, inthe time a drop of water 
falls by it’s own gravity from I'to G, the quantity 
of water difcharged by the hole will be equal to 
ax2IG, or Ax 210; and in the time the drop 

Bb 4 defcends 


: A 
, that is, whofe magnitude is 2aH x Ada 
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defcends from I to H, the quantity of water pafling 
through the furface AB, and difcharged by the 
hole, will be equal to A x 2TH; and the difference 
of thefe quantities, namely Ax 2HO, will be the 
quantity difcharged in the time the falling drop de- 
icends from H to G, which quantity is the column 
AMEFNB; for in the time the drop defcends 
from H to G, the fuperficial parts of the water, 
fetting out with the velocity of the drop at H, and 
defcending freely and without refiftance, will reach 
the hole. And therefore, all the water in the vef- 
fel will be to the water in the column AMEFNB, 
as AxH is to Ax2HO, or a H=>HO+O0G 
to 2HO; orasa+A to 2a; whence, putting Q 
for the quantity of water in the defcending column, 
AxH.Q::A-+a. 2a; and confequently, Q= 


| 2 A ; 
“sea tala RE ) | 


This Corollary may be proved in another manner, 


thus.. [he cataract is the difference of the two | 
hyperboloids KAMEFBL and KABL, fuppofing 
the affymptote KL to be infinitely extended both 
ways, and the area AB to be infinite; but by 
fuxions, as Dr. Jurin has fhewn, the hyperbo- 


~ Joid KAMEFNBL is equal to 2axH-+x, or to_ 


2 A*x. | ; A’x—-a’x : 
— > becaufe H is equal to ——~z —— by Cor. 2 


' and the hyperboloid KABL, is equal to 2Ax, and 


the difference of the two is 
2 A*x-—-2 Aax 
a 


. All the water in the veffel is AH, 


A’x—a’x 


mm in the room ot H, 


or, by fubftituting 


; and confequently, the water in the 
vefle] 
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veffel is to the water in the cataract, as 
Ajx—Aa’x ., 2A?x——2 Aax 
—_————_ is to. ——————_, that is, after due 
a : a | 
reduction, as A-+-a is to2a. Therefore AH . Q 


Zann 
>: A-+-a ..2a: whence, Q= 2aH hy ae 


Cor. XII. The weight of al] the water in the 
veffel, is to the weight of that part of it which is 
fuftained by the bottom, as the fum of the circles 
AB and EF is to their difference. For, fince 
AxH.Q::A-+a. 2a, by Cor. 12, Ax H. 
AxH—Q:: Ata. A+a—2a=A—a by di- 
vifion of proportion. 


Cor, XIV. The weight of the water which the 


bottom fuftains is to the weight of the cataract, as 
the difference of the circles AB and EF, to twice 
the leffer circle EF. For AxH .Q:: A+a. 2a, 
by Cor. 12. And by divifion of proportion, 
AxH—Q.Q:: A+ta—2a=A—a. 2a. 


Cor. XV. The weight of water which the 


bottom fuftains, is to the weight of water perpen-— 


dicularly incumbent thereon, as the circle AB, is to 
_ the fum of the circles AB and EF. For the weight 
of water which the bottom fuftains is Ax H—Q 
— AL 2aH A A*’H—aAH | 
my ae: es 

and the weight perpendicularly incumbent on the 
bottom’ is A—ax H=AH—aH. ~ But 


4Fi AH 
ae . AH—aH :: A’—aA . A’*—2? 


:: A. Ata by dividing by A—a. 


Cor. XVI. The quantity of water in the de- 
{cending column, is to the quantity perpendicularly 
incumbent 


» by Cor. 12,=——q ceria 
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incumbent on the hole, ‘as twice the'circlé AB, is 
to the fum of the circles AB and EF. For the 
quantity of water in the defcending column is ' 


A A oA 
gaH x Alaa But 2aH x Ae ae aoe 


Hence, when a is nothing, as we may fuppofe it 
to be when A is infinitely great, the defcending 


* column will be equal in magnitude to 2aH, as 


Dr. Juri has fhewn it to be by determining it’s 
magnitude by fiuxions. 


Cor. XVIL The weight. of the defcending 
column, is to the weight of water which can gene- 


rate the whole motion of the water running out of 
the hole, as the difference of the circles AB and EF, 


is to the greater circle AB. For, putting F for the 

force or weight which can generate the whole mo- 

tion of the water running out of the hole, and fup- 

pofing Q to denote the weight of the defcending 

column, we fhall have F equal to the weight of a 

quantity of water whofe magnitude is 2aH x 
Z 


Aza? by Cor. 11, and Q equal to the weight 


of a quantity, whofe magnitude is 2aH x ——— 


by Cor. 12. And therefore, Q.. F.:: gaH x 


Ava -2all x a 28 Ag i Ana. AL 
_ FxA—a . QA . 
Hence Q= i een and’ F + hia _and 


confequently, the force which can generate the 
whole motion of the water running out of the hole, 
will always exceed the weight of the defcending co- 


_]umn, except when a becomes o,; as we may fup- 


pofe it to do, when it is very {mall, and A exceed-_ 
ingly great. | 


Cor. 
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Cor. XVIII. The force which can generate 
' the whole motion of the water running out of the 
hole, is to the weight of water perpendicularly in- 
cumbent on the hole, as twice the fquare of the 
' greater circle AB, to the difference of the {quares 
of the circles AB and EF. For the force which 
can generate the whole motion of the water running 


2 


out of the hole, is the weight of 2aH x ee 
quantity of water, by Cor. 11. and the weight of 
water perpendicularly incumbent on the hole, is 


; : : A 

the weight of the cylinder aH. But 2aH x 42>. 
aH: : 2A”. A?—a*. In the fame ratio is the 
whole motion of the effuent water to the motion 
of the water in the cataract. _ ‘ 
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Cor. XIX. If in the middle of the hole be Pi. 11. 
~ placed a little circle PQ parallel to the horizon, Fig: 3- 


whofe center is G, and if the area of this circle be 
called o; the weight of water which it fuftains du- 
ring the efflux of the water through the ring fur- 
rounding it, is to the weight of half the cylinder 
oH, as a to a—tio; if R denote the weight fuf 


2 ; oH ; : 
tained, R is to —>—> asa to a— ‘to, and R 1s equal 


aoH 


de ar For if we fuppofe A to be contracted 


till it becomes equal to a, in which cafe IH will be 
infinite, by Cor. 1. the water, notwithftanding this, 
will defcend about the column PQH which the 
little circle fuftains with’ velocities, which are every 
where in the fubduplicate ratio of the diftance from 
KL, and likewife in the reciprocal ratio of the fe- 
veral fections through which it paffes ; confequent- 
ly, the cataract AEPHQFB, is equal to the dif 
ference of the two hyperboloids PEAKLBF oe 

an 
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and AKLB. But the hyperboloid PEAKLBF OH 
= 2a — 20 x H4x = 2aH — 20H+2ax — 20x; 
and the hyperboloid AKIB is 2ax; and the diffe- 


rence of the two is matic agh Caos, which ts | 


the cataract AEPHQFB. The rasio of all the 
water in the veffel to this annular cataract, is 


aH. : 
But from the nature of the motion 


of the defcending water, ais to a~o, as VW }1+-x . 4/x, 
2aOX—OOX 
; — — ——=—, The forego; ; 
whence H ==> *— 200-00 * regoing ratio, 
when this value of H is fubftituted in it’s room, will, 
2a—o 
after due reduction, become ‘yee te Therefore 
aH, the whole quantity of water in the veffel,. is to 
the annular cataract, aS 2a—O to 2a—20 ; a 


2a7H—2a0H 


the annular cataract j Sr een being 


fubduéted from aH, leaves ———— a 5 for sheiguanetey 


fuftained by the little dicted Ne E Conteeienelet Sten 
aoHi 


O | 
2a—o°? and R. pi i4a.a—zo. 


SCHOLIU M. 


| Upon examining this motion by experiments, Sir 


Isaac Newron found the velocity of the water in 
it’s paflage through the hole to be lefs than it ought 


to be, if the water in the veffel defcended from the 
furface to the hole freely and without refiftance, in 
the proportion of 1 to /2. For he obferved the 
vein of the effluent water, and found it to contract 
and grow narrower, to the diftance of about a dia- 
meter of the hole below it, at which place he mea- 
fured the diameter of the vein, and found it to be 
Jefs than the diameter of the hole in the ay beasee 

) 


ee 


—_— —— 
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‘of 21 to 25, and confequently, the area of a feétiory 


of the vein at that place to be lefs than the area 
of the hole, in the proportion of 441 to 624, that 
is, Of 1 to /2.. But as the vein contraéts the ve- 
locity increafes. And therefore, at the diftance of 
a diameter of the hole below it, the velocity will 
be greater than in the hole in the proportion of 


42to1. If IG be four feet or 48 inches, and the Pl. rr. 
diameter of the hole be 1 inch, 1 added to 48 will Fig- 2- 


make the height from the place where the velocity 
is greateft to be 49 inches; and if the velocities 
of the difcending column in the hole and that 
place, were truly meafured by the fubduplicate 


yatios of thofe heights, as they would be if the water - 


defcended freely and without refiftance, they 
would be nearly equal, being as the numbers 69 
and 70. And therefore, the velocity of the water 
in the hole is lefs than it would be if it was propor- 
tional to IG, in the ratio of 1 to/2. This 
diminution of velocity can be owing: to nothing 
but the lateral motion of the defcending water, re- 
tarding it’s perpendicular motion downwards, and 
making it lefs than it otherwife would be, in the 
faid ratio of 1 to /2. Hence, the velocity with 
_ which the water flows through the hole, is very 
nearly equal to the velocity which a body, by fall- 
ing freely and without refiftance froma ftate. of 
_reft at I, would acquire in defcending through. + 
IG. For the velocity acquired in falling through 
4G, is to the velocity acquired in falling through 
IG, as 1 to 4/2. | 
According to Sirlsaac Newron, a body fall- 
ing in vacuo from a {mall height above the furface 
of the earth, will defcribe 1934 inches, or 162 feet 
in one fecond minute of time, and will have acqui- 
redsa velocity at the end of the fall, which being 
continued uniform, would carry! it through twite 
that fpace, that is, 3863 inches or 322 feet, in an 
‘oe equal 
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equal time. But uniform velocities are as the fpaces 
defcribed by them in the fame time, and the veloci- 
ties acquired by a body falling in vacuo through the _ 


{paces 163, and Glioreg-s wae a are in the fubdupli- 
cate ratios of thofe ig ; and therefore 322. 
oe gee Whence, V = 8.02773 


aaa : 
ees = feet, = 96. 33276 v/aAz—7 Inches. And 


Pipaakll thefe meafures of the velocity of the water 

flowing through the hole, the ratio of 1 to /2, that 

is, dividing each by 1.414, we fhall V= 5. 6473 196 
A’H 


Va z feet, = 68.1278352 oalsst ae he inches. 


Thefe are the true meafures of the velocity of the 


water in it’s paflage through the hole, which velo- 
city is therefore fuch as Carries it at the rate of 


2 


H 
5.6773190 + oe feet, or » .68.1278352- 


fants inches, in a fecond minute of time. Thefe 
expreffions may be fhortened if A be confiderably | 


greater than a, for in all fuch cafes 7z—> will be 


2 


A 
fo nearly equal to H, that —;-~~> may be fafely 


rejected ; and then the foregoing meafures of the 
velocity will become, 54.6773196 /H feet, or 
68.1278352 JH Inches. "r fhew the: truth of 
this by an example, let A be 100 fquare inches, and. 


At ‘ 
a1 {quare inch, and then A wet ee he peqgokh; | 
pone 9999 s< 
if H be 4 feet or 48 inches, a seal be 48, 


0048 inches, which is only greater than 48 arch 48 
| parts 


through Orifices and Pipes, 
_ parts of an inch divided into ro000. The excefR 
is fo fmall, that it-may be fafely rejected. 
Another true meafure of the velocity.of the water’ 
flowing through the hole, will be had by dividing | 
the quantity of water difcharged, by the area of the! 
hole and time of thedifcharge taken together ; the 
quantity of water difcharged being exprefied in cu- 
bick inches, the area of the hole in {quare inches 
or parts of a fquare inch, and the time of the dif. 
charge in feconds. Let Q denote the quantity dif- 
charged, d the diameter of the hole, and t the 
time of the difcharge, and then V will be meafured 
Al”. 0.785398 16a7t 
the fpace defcribed in one fecond of time: — 
This meafure is equal to the’ former, that is, 


inches, which will be 


omBszgbiode  09:1278352 VT; and confe 
quently, Q = 53.50%4764d*tVH cubick inches; 
OF §13555.227d't/H grains ; becaufe a cubick 
inch of water weighs 253 grains. If W denote 
the weight of water difcharged, then will W — 
13555-32d*t/H grains. | oa 

_ In order to know, whether the velocities of water 
flowing through circular holes of different diameters,, 


-when placed at the fame perpendicular diftance © 


ftom the furface of the water, be al] equal; what 
relation the velocity of water flowing through a 
hole, ‘bears to the vélocity of water flowing through 
an horizontal pipe of an equal diameter, inferted 
_into'the fide of ‘a veffel at an equal perpendicular 
diftance from the furface of the water; and under 
what circumftances the meafure of the velocity 
laid ‘down in my Animal Qconomy obtains, I fay, 
in order to know thefe things, T caufed a proper 
apparatus to be miadé, and from the experiments 
_ made with it, I compofed the following Tables. 


TABLE 
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Tape I. 


W 


2711 2944. 
4.3377 ) ° 47040 
67776 472960 
173507 178560 

191719}. 2087 
30672 |. 33600 
47925 51840 

122688 128400 

Taste I. | 
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a mes 


oj12736|  |4. ol47040 a 


dj14.385) 54.720 
2d}14400, 2d|56160: 
30)13792, 30152800 
4d 13728: 4d152220 
6d|1 3663 5d|51600 


rodj12683. | |1o0d|47040 


The firft Table contains, in the firft column, un- 
der t, the time of the difcharge in feconds; in 
the fecond column, under H, the perpendicular 
heights of the water above the hole in London 
feet ; in the third, the diameters of the hole in 
parts of an inch; in the fourth, under W, the 
weights of water in grains, which ought to have 
been difcharged by the theory or foregoing rule ; 


in the fifth, under w, the weights of water in 


‘grains which were difcharged by experiment, 
each weight being a mean taken from five or fix 


| Ww 
experiments ; and in the fixth column, under y;. 
the 


over Obftacles, 

the ratio of the weight difcharged by expetiment, 
to the weight which ought to have been difcharged 
bythe thegry. fir pty 7. ; FER OE 

» The fecond Table confifts of three parts, and each 
part of three columns. The firft column of each 
part, contains the diameter of the pipe in parts of 
an. inch; the fecond contains the lengths of the 
pipe in the terms of the diameter, beginning with 
the hole, which may be confidered as a pipe of an 
infinitely {mall length expreffed by o; .and the 
third column. contains the weights in grains dif- 
charged. in 10 feconds, each weight being.a mean 
taken from particular experiments. The holes and 
pipes were all at the perpendicular diftance of et 
from the farface of the water, fo that here t wag 
10”, and H four feet.) |. hs OU Sh as 


Ta Bh # Til. 


-_ 
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|; The third and fourth Tables confift each of ‘we | 
_partscorrefponding to different perpendicular heights 


of. the water in the veffel, and different diameters of 
the ‘pipes. In both Tables, H denotes the per- 
peridicular height of the water in the veffel above 
the pipe in feet ; 1 the length of the pipe in. inches 5 
W theweightin grains which ought to be difcharged 
by the firft Propofition of my Animal CE conomy ,; w 
the weight in grains which was difcharged by expe- 
riment ; and arithe ratig of the weight difcharged 


by experiment to the weight which ought to have - 


been difcharged by that Propofition. ‘The diameter, 
of all the pipes in’ the third Table was .*5 of an 


inch, and of all the pipes in the fourth Table 7... 


prea ae 


44 


~ ee em . of 
w ~ 


eee 
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_ of aninch. And the time of the difcharge was 10 
‘econds in all the experiments of both tables, 
Phe quantity or weight of water which ought to 
be difcharged by the firft Propofition of the Animal 
CE'conomy, may be thus found. I there proved, 
“hat the velocity of water flowing through a pipe, is 


F ; 
as Vo But if the force which can generate thé 


motion of water flowing through a pipe lying pa- 
“allel to the horizon, be equal to the force which can 
generate the motion of water flowing through a hole 
of an equal diameter with the pipe, when placed at 
n ie perpendicular diftance from the furface of 
he water; F, by Cor. 11. of this Problem, will be 
s 2d*H, on fuppofition that the area of the hole 
3 extreamly {mall in comparifon of the area of the. 
urface of the water. And therefore the velocity 


# water flowing through a pipe lying parallel to ~ 


the horizon, is as ee ‘ 


ufckarged, is as the orifice of the pipe, the time of 
he difcharge, and velocity, taken together; that 
2 


s, asd’t / — . “And therefore, W is as d’t 
2 oa "ii 

aia sel oa Nap iis 
AL pipe of ;‘. of an inch in diameter, and 1 inch 
n length, difcharged 2180 grains of water in 10 


The weight of water 


econds, when it was inferted into the fide of the | 


veffel at the perpendicular diftance of 2 feet from 
he furface. In this,cafe therefore, d, t, H, |, were 


2dH 
nts The Soy ey anc ae /- TT was equal to 


2.06326, Hence we may find W in other cafes 


sy this analogy; 2180 : 0.06325 :: Wi: d't 


| , a 
ros whence W= 48 746.3 dtV--. a 
2180 


“Tn the firft part of the third Table, W is “OE: 1. 
he, | ~ and’ 


RE Gee 
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£2392 |) 
wi, ula 


and W in the fecond part of each Table ‘is one half 
of W in the firft part. sbhyg a 


OpseERVATIONS on the TABLES. 
‘Ops. J. By’ the firft Table the difcharges by 
experiment.are nearly proportional to the difcharges 
by the theory, that is, w is nearly proportional to 
W, or ar is nearly the fame, whatever be the dia- 
meter of the hole, provided the time of the dif- 
charge, and the perpendicular height of the water 
in the veffel above the hole, be given. The dif- _ 
charges ‘by experiment ‘were all fomething larger 
than the difcharges by the theory, which might be 
partly owing to the pouring in of the water at the 
top of the veffel, in order to keep the vefiel con- 
ftantly full during the time of the difcharge ; for. 


the pouring, though it was done gently, might a 


little increafe the velocity wherewith the water ran _ 
out ‘of the hole. ~ lt 2 Aya 
ss:Ops. Il. By:the fecond Table, the weight of 
water difcharged, and confequently the velocity, in- 
créafes from the hole till the length of the pipe be- 
comes equal to about twice it’s diameter, that is; 
till | becomes equal to about 2d, and is greater there 
than’ at any other length of the pipe. The greateft 
velocities in thefe pipes in proportion to the veloci- 
ties through their refpective holes, are as‘ the num- 
bers 1130, 1215, 1258 to 1000. “9h Se toh ay 
°: Oxs. III. From the length of twice the diame- 
ter, that is from the length 2d, the velocity leffens 
continually on increafing the length of the pipe, and 
becomes equal to the velocity through .the hole 
when the length of the pipe becomes equal to about 
22.3657d¥d inches. For, by the fecond Table 
the velocities of the water flowing through the 

ipes, were nearly equal to the velocities through 
theirrefpective holes, when the lengths of the pipes, 
yng itt sh were 


through Orifices and Pipés. 

were 10d, 16dand 23d, that is 2 inches, 6.4 inches, 
and 18.4 inches. . But 2, 6.4, and 18.4, are nearly as 
1, 2.8, and 8, the fefquiplicate ratios of 1, 2. and As 
and 1,2.and4, are as the diameters 3... 4 and 5., 
And therefore the velocities of the water flowing 
through the pipes, were nearly equal to the veloci- 
ties through their refpective holes, when the lengths 
of the pipes were in the fefquiplicate ratios of their 
diameters. The diameter of the {mallet pipe be- 
ing ;* of an inch, di/d is 0.0894; and if d be of 
any other magnitude, and | be the length of a pipe 
of that diameter through which the water flows 
with a velocity equal to that with which it flows 
through it’s correfponding hole, we fhall have this 
‘Proportion; as 2 is to 0.0894, fo is 1 to did, 
whence | = 22.3657d,/d. | | 
Oxs. IV. By the third and fourth Tables, the 
quantity of water difcharged by experiment in pro- 


portion to the quantity which ought to have been. 


difcharged by the theory, that is a , Increafes gra- 


dually till the pipe comes to be of a certain length, 
and after that it decreafes gradually on increafing 
the length of the pipe. In the two parts of the 
third Table this ratio was greateft, when the lengths 
_ Of the pipes in inches were about 20 and 10, and it 
was greateft in the two parts of the fourth Table, 
when the lengths of the pipes were 81-and 36. But 


> Sag Ww. 
from thecourfe of the nu mbers expreffing —- in the — 


fecond part of the fourth Table, I think this ratio 
would have been greater in a pipe of 40 inches in 
length, than in the one I ufed of 36, and there- 
fore fhall fuppofe that it would have been greateft 
at the lengths ef 81 and 4o. Confequently, put- 
ting x for the length of the pipe in inches, at which 
this ratio is greateft, x will be as YH when d is 
given, and as d* when H is given, and when nei- 
ther d nor H1 is given, as d*/H. Hence we may 
sitet Cres form 


\ 
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form a rule for finding the length of the pipe, at 
which this ratio thall be a maximum for it was a 
maximum in a pipe of %.th of an inch in diameter, 
when it’s length was 20.inches, and the perpendicu- 
lar height of the water in the veffel 2 feet. In this 
cafe therefore x, d and H, are 20, 0.1, and 2, 
and d?/H is 0.01414; and in other cafes, x may 
be found by this analogy; as 20 is t00.01414, fo 
is x to d’/H; whence x is equal to 1414d*V/H. 
To fee whether this rule be univerfal, and obtain in 
pipes of greater diameters, and at greater diftances 
from the furface of the water, I thall fuppofe d 
and H to be 0.5 and 3, as in our Author's T able 
p- 227, and then 1414d*VH_ will be about ‘600 
inches or 50 feet, which length is twice as great as 
jit was in reality; for the ratio was a maximum by 
that Table, when the length of the pipe was 25 
feet; fo that the value of x here determined feems 
to obtain only in pipes of {mall diameters. - 

Oss. V. By the third and fourth Tables, the 
quantity difcharged by experiment in propor- 
tion to the quantity which ought to have been 
difcharged by the theory, that is = does 
not differ much in pipes whofe lengths are within 

bo ee yea ; 
certain limits. —qj-, in. the prpes, whofe lengths 


were 6 and 32 in the firft part of the third Table, 
js lefg than in'the pipe where this rasio is.‘a maximum, 
in the proportions of 100 to 112 and 110, and the 


- difference of yr and the maximum is {till lefs in 


~ pipes of all other lengths between 6 and 32 ; fo that 


in this part of the Table, 6 and 32 are the limits, at 
and within which there isa near agreement between 


‘ “DV Die fe 
theory and experiment. yyy in the pipes whofe | 


lengths: are 4 and 16 in the fecond part of this 
mor | Table, 


: through Orifices and Pipes. 

Table, is lefs than in the pipe where this ratio is a 
maximum, in the proportion of about 100 to 109 
and 108, and it is ftill lefs in pipes of all other 


lengths within thefe limits. And ar in the pipes 


whofe lengths are g and 64 in the fecond part of the 
fourth Table, for the pipes were not carried to 
fuch lengths as were neceflary to fettle the limits in 
the firft part, is lefs than the maximum in the pro- 
portion of 100 to 118 and 120; and it is ftill lefs 
in pipes of all other lengths within thefe limits. 


Oss. VI. By the third and fourth Tables, the 


quantity of water difcharged by experiment always 
exceeds the quantity which ought to be difcharged 
by the theory; it was near double within the limits 
of the firft part of the third Table and fecond part of 
the fourth, and greater in the fecond part of the third 
Table in the proportion of 5713 to 3858. If we fup- 
pofe it to be double within the limits, in pipes of all 
lengths, then will w be equal to 2 W, or to 97492.6d’t 


dH : dH 
v= grains, W being equal to 48746.3d"t “/ i 


rains, as was fhewn above. 

_ Pros. VI. Jf the diftance of an objec from a 
double convex lens whofe furfaces are fpberical, if the 
radii of both the [pherical furfaces, the thickne/s of the 
lens, and the fines of incidence and refrattien, be all 
given ; thence to determine the diftance behind the lens 
of the principal focus or concourfe of the rays iffuing 
from the objeét and falling perpendicularly, or very 
nearly fo, on that furface of the lens which is turned 
towards the object. | 
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Let MN be a /ens, E and e the centers of it’s Pl. rr. 
fpherical furfaces MCN and MDN, Q an object Fg. 5- 


placed directly before the /ens, Qq a line drawn 
from the object perpendicular to the furfaces of the 
Jens, and confequently paffing through the centers e 
and E; let the point A be indefinitely near to C, 

in which cafe QA and QC may be looked upon as 
ue | Caer. equal ; 


Pl. rr. 
« Figs 5. 
# 
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equal; let q be the focus or concourfe of. the: rays 
QA and QC after the firft refraction by the furface 
MCN, and z their focus or concourfe after the fe- 
cond refraction by the furface MDN. Put D for 
QC the diftance of ‘the object from the Jens, r for 
the radius CE, p for the radius eD, x for Dq, the - 
diftance of the focus behind the Jews, after the firft 
refraction, and z for Dz it’s diftance behind the 
Jens after the fecond refraction ; and laftly, let land 
R denote the fines of incidence and refraction of the 
rays paffing out of air or any other medium into the 
firft furface MCN, and confequently R and I the 
fines of incidence and refraction in their paffage out 
of the fecond furface MDN into air or that other 
medium. : | 

~ To determine z, we muft firft determine the 
meafure of x in known terms, to do which draw 
AF perpendicular to Qq, EI perpendicular to 
QAI the incident ray produced, and ER perpendi- 
cular to the refraéted ray Aq; and then,’ from the 
fimilarity of the two triangles QAF and QIE, and. 
alfo of the triangles qAF and qER, and from QA 
being equal to QC, and qA equal to qC, we fhall 
have AF equal to a or, in fymbols, to 


I 
. D-+r? 
by the two firft triangles, and by the two laft tri- 


angles, equal to — a or, in fymbols, to 


fags R 
Confequently > is equal to pare and x= 


Dias: 
Having found the meafure of x or Cq in known 


x—-T 


terms, z or Dz may be thus determined, For that 


fare, that’ is forge A 
mea wih tnat is for DI_DR—Rr’? put » tO Za 
and qa produced draw the perpendiculars eI and eR, 
and draw am perpendicular to Qq. And wee 
= irom 
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from the fimilarity of the triangles qam and qRe, and 
alfo of the triangles zam and zle, and from qa being 
equal p qD, and:za equal to zD, a'm will be equal 

eRxqD . | fatfos 
to Soe from the firft triangles, and equal to 
elxzD : 
a from the fecond. eR is the fine of inci- 
dence of the ray Aa falling on the fecond furface 
MDN; and el the fine of it’s refraction; and 
therefore eR will be I, and eI will be R... qD 
is equal to qc-CD = A—t, putting t for CD 
the thicknefs of the Jems; and qe is equal to qC 
+ eC=qC+eD—CD = A+ p—t; confequently 


RxA—t Iz ; 
a el and from this equation A = 


Ipz+Rtz+Rty—lItz | 3 gh 6 
—Rz +Rp—Iz : hy denotes DI-DR-Rr . 

Iezt+Rtz+Ret—lItz _ ogg at 
And therefore ——57 Blaha DLDReRr ° 


By clearing z in this equation, we fhall have z= © 


DIRG-ERRrpt-+-DRRit—DIRpt 
Dif psDIRe_Di—DIRp—DRRe— IRs RRA IRA-DIRe-} ile 


To give this equation a more fimple form, di- 
vide both numerator and denominator by I—R ; 


and then, the numerator will become 7—;F xIDrp 


ie a —_ x Rrpt—DRyt, or, by putting B inftead of 


— BIDrp-+BRrypt—DRyt, and the denomina- 
tor will become IDr+-ID;>— IDt+-RDt+Rrt—Bly 5 
and the equation will be reduced to another form, 


and ftand thus. 
BIDrp+BRrpt— DRet . 


Se ee erence ~ 
2 = “Tpr + Ibp — [Dt + RDet + Rrt — Blip 
This is Dr. Hatiey’s univerfal Theorem for find- 


ing the principal focus of rays fallin diverging on 
sacciad PCR E a double 


\ 
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a double convex dens, publifhed in the Philofopbical 
TIranfattions 

If the rays, inftead of falling diverging, fall pa- 
rallel on a double convex Jens, as they will nearly 
do, when the object is at an immenfe diftance from 
the /ens, D in this cafe may be confidered as infi- 
nite ; and confequently, all the terms in which D 
is not found, may be thrown out of the equation, 


a Aen 5 ae iol! BIDIp--DRet iss sie ne 
OP Tes RE IDr + ID, — IDe Er RDt at 


Ir+-Jp —It-LRet * | 
And laftly, if the rays fall converging on a dou- 
ble convex /ens, the figns of all the terms in which 
D is found muft be changed ; for when the rays fall 
converging, the point behind the dexs to which 
they tend at their incidence, muft be confidered as 
the place of the obje¢t, which, from it’s being diffe- 
rently fituated with refpect to the Jens from what 
it is when the rays fall diverging, requires the figns 
of all the terms in which D is found to be changed, 

which being done, we fhall have 
iis DRoet-++ BRret—BIDrp 
“= [Dt—IDr—ID)—RDe+ Rit—Blp * 


Thefe are the three general Theorems for finding 
the principal focus of rays falling, diverging, paral- 
lel, or converging on a double convex Jens. 

_ Ifthe lens be made of glafs, as len/es ufually are, 
and.the object be placed in air, then, fince the fine 
of incidence of a ray paffing out of air into glafs, 
is to the fine of refraction, as 3 to 2, I, Rand 
B will be 3, 2, and 2; and the foregoing general 
Theorems for finding the foci of rays falling diverg- 
ing, parallel, and converging, ona double convex 
will beg 2 a ODeat 2D 
glals, will bez — 3Dr+3D)—3Dt4+-2Dt-+- 2rt—6rp 7 
Orp—2t vel 


EN en IY 
BP Zp Zt 2E 


ry = 
it ts aes 
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ooh ide 2Dpt+-4rpt—6Drp | 
ira 3Dt—3 Dr— 3 Dp—2Dt-+-art—brp , 
And if the radii be equal, and the thicknefs of 
the glafs be neglected or confidered as 0, then will 


thefe Theorems ftand thus, z = a Zot,’ and 
—Dr = 

a= D1 

If the Jens be a double concave glafs, the radii of 
whofe two fpherical furfaces are equal, and if the 
thicknefs of the Jens be confidered as 0, the radiz 
will lie'on different fides of the ens with refpect to 
the object from what they did before, and confe- 
quently, the ‘figns of the radii muft be changed ; 
and then the laft Theorems, in which the radi were 
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fuppoféd to be equal, and the thicknefs of the glafs 


was neglected or confidered aso, will ftand thus, 
tit pane 2 era nel a anes Dr 
2= Diy? z=—t,andz=——y «- By thefe 
- Theorems, zis always negative when the rays fall up- 
on the double concave, diverging, or parallel, and 
when they fall converging it is negative when D.is 
oreater than r. When z is negative; the focus falls 
on the fame fide of the glafs with the object, contra- 
ry to what it does in all cafes of a double convex 
Jens, excepting that of diverging rays, when the dif- 
tance of the objeét is lefs than the radius, or D is 
lefs than r. For in that cafe, z, which. is equal to 
oe rhe. il Q 
Dow will be negative. 
By this Problem we may determine how far a ra- 
diating point muft be diftant from the eye, to have 
the principal focus of the rays iffuing from it placed 
in the retina, on fuppofition that the coats and hu- 
ours of the eye are unchangeable as to their fi- 
gures, magnitudes and denfities. 


Let ABGz reprefent a humaneye, in which ABG Pl. 11. 
is the cornea, AMCNGB the cavity containing the Fig. 6. 


aqueous humour, MCND the cryftalline humour, 
and 
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and AMDNGz the cavity containing the vitreous 
humour. According to Doétor Jurin, the radii 
of the fpherical furfaces of the cornea. and of the 
cryftalline humour, that is, of the {pherical fur, 
faces ABG, MCN and MDN, are in 1oth parts 
_ of an inch, 3.3294, 3-3081, and 3.5056; and the 
diftance of the corzea from the anterior part of the 
cryftalline, the thicknefs of the cryftalline, the dif- 
tance of the pofterior part of the cryftalline from 
the retina, and the diitance of the cornea from the 
retina, are in the fame parts of an inch, 1.0358, 
~ 1.8525, 6.2617 and 9.15. Let Q be the radiati 
point, q the principal focus of the rays by the firft . 
refraction of the aqueous humour, by, virtue of 
which refraction they fall converging on the cryftal- 
line, and let z be their focus after their refractions 
by thecryftalline and vitreous humours, By taking 
the fpecifick gravities of the humours of the eye, 
I have found that the fpecifick Sravities of the 
aqueous and vitreous humours are very nearly equal, 
and each much the fame with that of water ; and 
that the fpecifick gravity of the cryftalline is great- 
er than the fpecifick gravity of water, in the pro-- 
portion of about 11 to 10. For the mean fpecifick 
gravities of 5 cryftalline humours of oxen’s eyes, 
and of 3 cryftalline humours of fheep’s eyes, were 
11134 and 11033, the fpecifick gravity of water 
being 10000, and the mean of thefe two means, is 
11083, which I fhall fuppofe to be the {pecifick 
ravity of the cryftalline humour of a human eye. 
But the refractive power of the cryftalline is very 
nearly proportional to it’s denfity, and the fine of 
incidence of rays paffing out of the aqueous humour 
into the cryftalline, is to the fine of refraction, very 
nearly as 21 to 20, as I fhall thew in the Schou, 
And confequently, I will be 21, and R will be 20. 
From thefe meafures I now proceed to determine 
the diftance of a radiating point from the cornea, 
that is, the diftance of Q from B, fo as that the 
| tb Seo he ea focus 
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Focus of the rays, iffuing from it and falling diver- 
ging on the corwéa,-may by the refractive powers 
of the aqueous, cryftalline, and vitreous humours, be 
placed'in the retina at z. By the refraction of the 
aqueous humour, the rays fall on’ the cry ftalline 
' with fuch a degree of convergence as would make 
them unite at q. “In thé univerfal Theorems there- 
fore for finding the ‘principal focus of rays falling 
converging on a double convex dens, Cq is D, Dz 
equal to 6.2617 is z, the radius of MCN is 1, the 
radius of MDN is p, CD the thicknefs of the cryf- 
talline is t, and. and Rare 21 and zo: ) And by 
clearing D in that Theorem, we. fhall have D= 

AS OR fz BR Ritz, TR ERO oe 
Blrp -p ltz— rz —=]p2z-Rpt—Rea) 9493192 = 

Cg. And Cq+ BC= 11.346 = Bq. eres 
‘In the. Theorem for finding xy Bq is x; QB is D, 
I is 4, and R 3, the fine of incidence of rays paf- 


Ging out of air into water or into’thé aqueous hu- 
mour, being to the fine of refra¢tion, as 4-to’ 3; 


and the radius of the cornea is 3.3294 10th parts 
of an inch; confequently, D is 57.48,-that is, 
about 5 inches and 3 quarters. - So that fuppofing 
the eye to ‘be unchangeable, a radiating point placed 
- atthe diftance of 53 inches from it, will ‘have it’s. 


& Ei 4 - 


image placed. in the retina. | 
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oe Let AB reprefent the refracting plane furface Pl. 11. 
“ of any body, and JC a ray incidentobliquely on Fig. 7- 


“ the body at C, fo that the angle ACI may be 
“ infinitely little, and let CR be the refracted ray. 
“ From a given point B perpendicular to the re- 
‘¢ fracting furface erect BR meeting the refracted 
‘© ray CR inR, and if CR reprefent the motion of the 
<‘ refracted ray, and this motion be diftinguifhed inte 
<< two motions CBand BR, whereof CB 1s parallel to 
“ the refracting plane, and BR perpendicular’ to’ it 
‘© CB thall reprefent the motion of the incident me 
- I S$ an 


+94 
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*« and BR the motion generated by the refraction.”* 
Newt. Opt. Prop. 10. p. 245.246. CBR is equal 
to the angle of incidence, and CRB is equal to the 
angle of refraction ; confequently, if R-be madethe 


' center, and.a circle be fuppofed, to be drawn with 


the radius CR,.CR. will be the fine of, the angle of 
incidence, and:CB the fine of the angle of refracti- 
on; and, putting I and R for thofe fines, we thall 
have this analogy, I1..R :: CR .CB..Hence 
Y—R* . CR*—CB’ als af BRY {sn 
ARS ody to seeBula Rin CU Ray oe PETNC Ba eee 


~ But by the aforefaid. propofition BR* expreffes the 


refractive force, and is nearly as the denfity of the 
body ; as SirI: Newron found, by computing BR? 
from the fines I and R in feveral bodies, and then 
comparing .it, with »their: refpective >denfities. 
And. confequently, putting D for the denfity of the 


bon erties D, and Ras VD-F re, In paf- | 


fing out of air into. water 9-.is$,and, the denfity 
of water-being 10000, 4/D+41 is 10004: And’ in 
paffing out of air into the cryftalline, whofe denfity 
is to that of water as 11083 to 10000, /D-+1 is 
10528. Therefore in paffing out of ‘air into the 
cryftalline ave will be 2; for 10004 . 10528 = os 


\ 
M22 TB ew, 


Foors = F very nearly. +5 in pafling out of the 


aqueous humour into the cryftalline, will be com- 
pounded of the ratios 3 and 2, by the fecond Lheo- 
rem of the Opticks; p. 113, and therefore Re will 
be equal to 2.5. or Iwill be to R, as. 21 to 20. » 
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BOOKS printed for J. Nourse, at the 
Lamb without Temble- Bar. 
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ith ; 1. 


HE philofophical Hiftory and Memoirs of 
the Royal Academy of Sciences at Paris: 
Or, an Abridgment of all the Papers relating to 
Natural Philofophy, which have been publifhed 
by the Members of that Illuftrious Society, from 
the Year 1699 to 1720. With many curious Ob- - 
fervations relating to the natural Hiftory and Ana- 
tomy of Animals, &c. Illuftrated with Copper 
~ Plates... The Whole tranflated and abridged, by 
Fobn Martyn, F.R.S. Profeffor of Botany in the 
Univerfity of Cambridge, and Ephraim Chambers, 
F.R. S. Author of the Univerfal -Dictionary.; of 
Arts and Sciences. In five Volumes. 


iA 


~The Doétrine of Annuities and Reverfions, de- 
duced’ from general and evident Principles: With 
. ufeful Tables, fhewing the Values of fingle and 
joint Lives, %c. at different Rates of Intereft, 
To which is added, a Method of inveftigating 
the Value of Annuities by Approximation, with- 
out the help of Tables. The Whole explained 
in a plain and fimple Manner, and illuftrated by 
great variety of Examples. By Thomas Simp/on. 


Ill. Effays 
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Effays on feveral curious. and ufeful Subjeéts, in 
fpeculative and mixed Mathematicks. Illuftrated 
bya Variety of Examples, in which the mioft difit 
cult Problems of the firft and fecond Book of Sir 
Tfaac’ Newton's’ Principia ‘are explained. ~ A Work 
very ufeful to young Gentlemen who are ftudying 
that illuftrious Author. By Thomas Simp/on. 


mS bis wrollftt ‘Issinqololida Hires 
Memoirs of the’ Royal Sociéty ; being a new 
Aoridgment ‘of’ the Philofophical Tranfactions : 
Giving an Account of the Undertakings, Studies, 
_ and Labours of the'Learned‘and ‘Ingenious in many 
-confiderable Parts’ of the World; .from_ the firft 


. Anfitution of that’ litrious Society. in the Year 


—76653-to’ the 'Yéat''of our ‘Lord'1749 inchifive. 
The Whole'catefully abridged ‘from the, Originals, 
and the’Order of ‘Time ‘regularly obferved, with 
i Tranflation of the. Laie Tracts, and, the theo; 
retical Parts ‘applted to practical Ufes 5 alfo'an Ex- 
planation of the Terms of Aft as they occur in the 
Courfe of the Work. Being a Work of general 
Ufe to the Publick, and worthy the Perufal of all 
Mathematicians, Artificers, Tradefmen, &c. for 
their Improvement, jn: ‘various; Branches of. Bufi- 
fine{s, By Mr. Baddam. In ten Volumes, Iluttrats 
ed’ with a great Wariety of Copper Plates, .....,, 
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